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Publication 620-97-001

MAY 22, 1997
5:00 p.m. - 6:00 p.m.

MAY 23,1997
8:00 a.m. - 9:00 a.m.

9:00 am. - 9:45 am.

9:45 a.m. - 10:00 a.m.
10:00 am. - 12:00 p-m.

12:00 p.m. - 1:30 p.m.

1:30 p.m. - 3:30 p.m.

3:30 p.m. - 3:45 p.m.
3:45 p.m. - 4:30 p.m.

1997 RAC AND CRUMB RUBBER PRODUCTS WORKSHOPS

MONTEREY

No-Host Reception and Pre-Registration

Continental Breakfast and Registration

General Session

~ Moderator: Michael Frost, City of Folsom
Speakers: Ralph Chandler, California Integrated Waste Management Board
Joe Divinagracia, Clean Washington Center
Break
Track I: Crumb Rubber Products
Moderator: Robert Feinbaum, Feinbaum Associates
Speakers: Ethan Grove, Elastomeric Technologies, Inc.

Cornelia Snyder, JaiTire Industries, Inc,

Track lI: Rubberized Asphalt Concrete
Moderator: Jack Van Kirk, Caltrans
Speakers: Cliff Ashcroft, Manhole Adjusting Contractors, Inc.
Gary Hildebrand, Caltrans
Ross Kashiwagi, Granite Construction
David Strassman, DRS Ltd.
Jack Van Kirk, Caltrans

Luncheon
Keynote
Speaker: John Serumgard, Scrap Tire Management Council
Track I: Crumb Rubber Products
Moderator: Robert Feinbaum, Feinbaum Associates
Speakers: Frank Congemi, American Rubbertech

Richard Posiviata, Environmental Molding Concepts
Paul Schubring, Carsonite International
Peter Spendlove, Sports Advancement and Research Co. Ltd.

Track ll: Rubberized Asphalt Concrete
Moderator: Jack Van Kirk, Caltrans
Speakers: Joe Goldhammer, San Diego County Marterials Testing Lab
Mike Harrington, BAS Recycling, Inc.
Tom Kirk, Willdan Associates
Frank Lancaster, Los Angeles County Department of Public Works
Barry Takallou, TAK Consulting Engineers

Break

General Session for Wrap-Up
Moderator: Michael Frost, City of Folsom
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Welcome

To Thel997 RAC
And Crumb Rubber
Products Workshops

Dear Conference Attendee:

As manager of the recycling component of the California

Integrated Waste Management Board’s Tire Program, | am pleased

to welcome you to the 1997 Rubberized Asphalt Concrete and Crumb

Rubber Products Workshops. These workshops have been designed

to provide participants with the information needed for making

sound decisions regarding the purchase of products containing

crumb rubber. Panel members from both recycling businesses and

local governments are here to provide you with information on

available products, the benefits of their use, and examples of their

successful applications.

Please don’t hesitate to ask any questions of panel mem

CIWMB staff. Thank you for your interest and participation in

“closing-the-loop” on tire recycling. | hope ou benefit from the
g P ycling peYy

workshop.

Yublos geUt

Martha Gildart
Branch Manager
ciwMB
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1997 RAC AND CRUMB RUBBER PRODUCTS WORKSHOPS

MAY 29,1997 -
5:00 p.m. - 6:00 p.m.

MAY 30, 1997
8:00 a.m. - 9:00 am.
9:00am. - 9:45am.

9:45 am. - 10:00 am.
10:00 a.m. - 12:00 p.m.

12:00 p.m. - 1:30p.m.

[:30 p.m. - 3:30p.m.

3:30 p.m. - 3:45p.m.
3:45pm. - 4:30pm.

ANAHEIM

No-Host Reception and Pre-Registration

Continental Breakfast and Registration

General Session

Introductions:  Robert Frazee, California Integrated Waste Management Board
Moderator: Mary Sikora, Recycling Research Institute
Speaker: John Serumgard, Scrap Tire Management Council
Break
Track I: Crumb Rubber Products
Moderator: Ann Baba, Ann Baba Associates
Speakers: Frank Congemi, American Rubbertech

Cornelia Snyder, JaiTire Industries, Inc.

Track II: Rubberized Asphalt Concrete

Moderator: Kelly McArthur Ingalls, City of Los Angeles,
Integrated Solid Waste Management
Speakers: Cliff Ashcroft, Manhole Adjusting Contractors, Inc.

Mike Harrington, BAS Recycling, Inc.
Gary Hildebrand, Caltrans

Ross Kashiwagi, Granite Construction
Jack Van Kirk, Caltrans

Luncheon
Keynote
Speaker: ' Mary Sikora, Recycling Research Institute
Track I: Crumb Rubber Products
Moderator: Ann Baba, Ann Baba Associates
Speakers: Tom Pickard, Bayley Products LLC

Richard Posiviata, Environmental Molding Concepts
Paul Schubring, Carsonite International

Track II: Rubberized Asphait Concrete

Moderator: Kelly McArthur Ingalls, City of Los Angeles,
Integrated Solid Waste Management
Speakers: Joe Goldhammer, San Diego County Materials Testing Lab

Tom Kirk, Willdan Associates
Frank Lancaster, Los Angeles County Department of Public Works

Barry Takallou, TAK Consulting Engineers
Break

General Session for Wrap-Up
Moderator: Mary Sikora, Recycling Research Institute




Keynote Speakers

Ralph Chandler, Executive Director,
California Integrated Waste Management Board

Raiph Chandler has been the Executive Director for the California Integrated Waste Management Board since june 1991.
Mr. Chandler served as Chief of the Division of Recycling at the California Department of Conservation from 1989
through May [991. In that position, he oversaw a $285 million recycling program and a staff of [75. He had been with the
state’s beverage container recycling program since its inception in 1986. In his first position with the division as Manager
of Certification, he was responsible for developing regulations and guidelines for recyclers, processors, and recycling
programs. In 1988, Mr. Chandler became the Deputy Chief in charge of ensuring fiscal oversight of the program and was
responsible for implementing the state’s glass and plastic beverage container processing fees — fees paid by container
manufacturers to cover recycling costs in excess of the containers’ scrap value. From 1981 to 1986, Mr. Chandler was with
the California Energy Commission, managing its Research and Development Office. There, he supervised 20 technical staff
and administered over $10 million in research and development loan programs annually. Prior to that, he was the Project
Manager for the Commission’s Biomass Demonstration Program, which assisted agricultural and forestry industries in
substituting waste residues for conventional energy sources. Mr. Chandler received a Bachelors degree in Economics and
Business Management from U.C. Davis in 1974. He has also published several professional papers in the field of alternative
energy resources and recycling.

Joe Divinagracia, Materials Engineer,
Clean Washington Center

Mr. Divinagracia’s background in materials engineering, particularly working with plastics and rubber materials, has provided
the Center the ability to pursue value-added applications for these materials. His expertise with processing and manufac-
turing equipment enables him to manage diverse projects involving processing and compounding through product manufac-
turing and testing. Mr. Divinagracia participates in national organizations involved in recycling and serves as a board
member for the Society of Plastics Engineers Recycling Division.

Best Practices Manual—Recycled Scrap Tires and Rubber

The Clean Washington Center (CWC), through its Recycling Technology Assistance Partnership (ReTAP), is developing
commodity-specific Best Practices Manuals and Best Practices Workshops. These workshops and manuals focus on
effective uses of recycled materials and effective application of recycling technologies. The manuals contain summaries of
industry practices that maximize the cost and performance advantages of recycled feedstocks.

Robert C.Frazee, Vice Chairman,
California Integrated Waste Management Board

Vice Chairman Robert C. Frazee was appointed by Governor Pete Wlison to the California Integrated Waste Management
Board as a public representative in 1995. Mr. Frazee chairs the Permitting and Enforcement Committee and is 2 member
of the Legislation and Public Education and the Local Assistance and Planning Committees. Prior to his Board appointment,
he represented northern San Diego County in the Assembly from 1978 to 1994. Before Mr. Frazee's election to the
Legislature, he served as Mayor and Council Member of Carlsbad. He was also founding chair of the North County Transit
District Board, chair of the Regional Coastal Commission, and a member of the SANDER Board, a waste-to-energy
project.
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Keynote Speakers

Michael Frost, City Manager,
City of Folsom

For the first eight years of Mr. Frost’s career, he worked for the Western Pacific Railroad as a Switchman, Switch Engine
Foreman, and Yardmaster. He spent four years of this time earning his college degree. His career proceeds as follows:

«  Eight years as Chief of Staff to State Senator Fred Marler, Jr;

+  Minority Leader of the California State Senate;

«  Appointed by Governor Ronald Reagan as Assistant Secretary of the California State Personnel Board for eight years;
+  Appointed by President Ronald Reagan as Associate Director of the Office of Personnel Management in Washington,

D.C. for two years;
»  Returned to California by newly-elected Governor George Deukmejian to become Director of the new Department

of Personnel Administration for two years;
«  Appointed by Governor Deukmejian as Chairman of the California Integrated Waste Management Board, where he

served for three years; -
»  Governor Wilson appointed him as Acting Secretary of the California Environmental Protection Agency; and

« In 1993, he was named City Manager by the Folsom City Council.

John Serumgard, Chairman,
Scrap Tire Management Council

John Serumgard is Chairman of the Scrap Tire Management Council (STMC). STMC is the only national organization
devoted to expanding all markets for scrap tires.

Crumb Rubber and Beyond: A National Perspective

Mary Sikora, Principal,
Recycling Research Institute

Mary Sikora, Principal of Recycling Research Institute, is currently the publisher of Scrap Tire News, a monthly newsletter
devoted to promoting responsible, proper, and environmentally sound scrap tire recovery, recycling, and disposal.

Ms. Sikora is the author of a 1986 study “Tire Recovery and Disposal: A-National Problem -with New Solutions.” She has
conducted both national and regional seminars devoted to scrap tire issues and has been a frequent speaker at national,
international, and regional tire industry conferences, as well as environmental and waste management seminars and
expositions. Ms. Sikora currently serves as a scrap tire advisor to the American Retreaders Association. She previously
served as Director of Marketing and Public Relations for Consolidated Energy Systems, Inc., was the former Editor of
Waste Age magazine, and has more than 12 years’ experience in the waste industry.

Tire and Rubber Recycling: An Industry at Work

This presentation will bring you a capsule update on the scrap tire and rubber recycling industry including the emerging
trends and market forces that are driving progress. Also, it will show you how tire and rubber recyclers are working to
produce new




Crumb Rubber Products

Moderator (Monterey):
Robert Feinbaum, President,
Feinbaum Associates

Dr.Robert Feinbaum is the Business Recycling Consultant
for the California State Chamber of Commerce and
President of Feinbaum Associates. He is a Master
Composter, certified by Alameda County, CA, and

the author of “The Recycling Handbook” and “The
Recycling Organizer for Business” Feinbaum Associates
is currently working on a feasibility study for composting
source separated food waste in Alameda County.

Dr. Feinbaum has served on the faculty of the University
of Santa Clara and the University of New Mexico, and
holds a Ph.D. in Sociology from the University of
California, Berkeley.

Moderator (Anaheim):
Ann Baba, Consultant,
Ann Baba Associates

Ann Baba uses her background in business management,
education, and public outreach to help businesses
increase source reduction and recycling. She has also
helped them to quantify solid waste and financial savings
from these activities. Ms. Baba has also worked with the
CIWMB to develop a formula to measure tire piles, and

has surveyed other states on post-consumer uses of tires.

Ann Baba Associates has been a Certified Woman/
Minority Business Enterprise by Caltrans and both the
City and County of Los Angeles.

Research and Problem-Solving: Researched for national
market analysis, city and state agencies, integrating results
into their strategies.

Public Outreach: Conducted audio-visual presentations
in public and private sectors, community meetings.
Acted as liaison between jurisdictions and communities,
companies and customers.

Guidance and Consulting: Consulted on goals, and best
strategy to reach them with parents and community
groups, public agencies and community groups, private
companies.

Project Management: Managed projects for jurisdictions’
solid waste plans, UCLA Extension recycling research
projects.

Accounting and Finance: Performed accounting and
finance functions for a small company. ‘

Frank Congemi, President,
American Rubbertech

Mr. Congemi is currently President of American
Rubbertech which was started in 1990. He is respon-
sible for creating markets for crumb rubber products.
The obstacles include dealing with regulatory issues,
storage of crumb rubber, and no uniform Federal
Regulatory Code. He has been a licensed security dealer
for the last 12 years. He has had zero compliance, zero
arbitration, and zero letters of complaint.

Critical Issues Facing the Crumb Rubber
industry Today

Manufacturer’s responsibility to the end use of their
product and why recycled highway safety products and
street furniture make doilars and sense. Regulatory
climate for waste tires.

Ethan Grove, President,
Elastomeric Technologies, Inc.

Ethan Grove is a selected member of the Universal
Who's Who Publication of Outstanding Business
Executives. In 1984, he founded Flex-a-Glas Roofing
Systems and applied research and development in
Neoprene Asphalt Emulsion, as an industrial roofing
product to replace hot tar. The company manufactured
the product in Baltimore, MD, from 1984-1994. In 1994,
Mr. Grove formed a joint venture with EnviroTech
Industries in Dallas, X, for worldwide marketing. In
1995, he built a new 15,000 sq. ft. plant in Baltimore,
MD, to produce 5,000 gallons of the product daily.

Resilient Surfaces and Coatings Made with Latex
Neoprene and Recycled Rubber

Application Process Equipment for Paving Surfaces and
Spray Systems to Apply Recycled Coatings

Tom Pickard, President,
Bayley Products LLC

Tom Pickard is the President of Bayley Products LLC,a
firm specializing in the development and marketing of
custom molded and sheet rubber products with indus-
trial applications. He was formally Product Manager,
Industrial Products for National Rubber Company, Inc. of
Toronto, Canada. National Rubber has developed and
manufactured products from reclaimed and recycled
rubber for over 60 years. The company is a Tier |
supplier to Ford, Chrysler, and GM, and is North
America’s leading tire recycling company.
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Crumb Rubber Products

Developing Profitable Rubber Products:
From Scrap to Value-Added

Successful products, derived from crumb rubber
compounds, are developed and sold every day. Profitable
products can be marketed at a value-added that far
exceeds that of rubberized asphalt. This talk will draw
from experiences, successes, and failures in the develop-
ment and marketing of industrial products derived from
crumb rubber raw materials. Included will be case
studies of various projects conducted in the recreation,
packaging, civil engineering, and transportation markets.

Richard Posiviata, General Manager,
EMC - Environmental Molding Concepts

Richard Posiviata is currently Vice President/General
Manager of Environmental Molding Concepts. He
possesses over 27 years of varied management, technical,
and manufacturing experience in the rubber and plastics
industry. In 1970, Mr. Posiviata joined Gates Corpora-
tion, a world leader in rubber products. While at Gates,
he held various positions, including Manager of Materials
Research and Engineering and Technical Vice President
for Gates Energy Products. He served as Director of
Manufacturing Operations and Technical Director of
Research and Engineering for American Roller Company,
Chicago, lllinois, Vice President of Operations for
Briteline and CEQO for Fanplastics and Enviromed of
Nevada. Mr. Posiviata graduated from Southeastern
Massachusetts Institute of Technology with a Bachelor of
Science degree in Textile Chemistry and Engineering. He
has completed the accelerated advanced management
course at Harvard Business School, Cambridge, Massa-
chusetts and served on the Board of Directors of the
Colorado Advanced Materials Institute.

Beneficial Uses of Crumb Rubber from Whole
Tire Recycling

With assistance from the CIWMB, Environmental
Molding Concepts has developed a playground surfacing
mat, KID KUSION, that is produced from crumb rubber
that is 100% derived from whole tire recycling. In
addition to being a new market for crumb rubber, this
surfacing meets CPSC Standards for a 9* drop height and
mobility requirements of ADA. Each two foot by two
foot KID KUSION requires the recycling of three waste
tires generated in California.

Paul Schubring, National Manager,
Carsonite International

Mr. Schubring is National Manager for New Market
Development at Carsonite International. He has worked
25 years with firms serving the transportation market in
the United States. :

A Sound Solution

The use of post-consumer scrap rubber in noise reduc-
tion along highways and railroads.

Cornelia Snyder, President,
JaiTire industries, Inc.

Ms. Cornelia “Corny” Snyder is President of JaiTire Indus-
tries, Inc. JaiTire is a pioneer in developing and marketing
new products from recycled tires. faiTire is committed to
finding innovative and practical uses for crumb rubber
through its national and international dealer network.

Ms. Snyder is a Board Member for the National Recycling
Coalition and President of the Colorado Association for
Recycling. She is Past President of the Rocky Mountain
Inventors and Entrepreneurs Congress.

Looking at Crumb Rubber as a Unique
Engineering Material

Crumb rubber is a unique engineering material.

Ms. Snyder will enumerate those properties which-are
unique to recycled tires and look at several high value
uses including Crown IlI™ top dressing for turf. There are
many impressive sites in California, several of which will
be highlighted including user comments. JaiTire’s

45 dealers nationally and internationally used one percent
of the crumb rubber supply last year and expect to use

|0 percent of the national production this year.

Peter Spendlove,
Sports Advancement and Research Co. Ltd.

Peter Spendlove is Managing Director of Sports
Advancement and Research Company Limited.

He has spent 25 years in mainstream architecture,
followed by six years in the synthetic sports and
construction industry. Mr. Spendlove has worked for
a civil engineering company the last two years and
conceived and patented the idea in May 1995.

Sureflex Technology

Sureflex is an impact absorbing asphalt which is
homogenous in nature and contains a continuous elastic
phase, controlled by the viscose nature of the polymer
modified bitumen which acts as the binder. The material
consists of a block co-polymer bitumen and graded
rubber crumb which replaces part of the aggregate and
remains intact during the manufacturing process.




Moderator (Monterey):
JackVan Kirk,

Senior Materials and Research Engineer,
Caltrans

Mr. Van Kirk is presently Chief of the Flexible Pavement
Section in the Pavement Consuiting Services Branch. He
has worked in the area of materials and research for the
past |8 1/2 years at Caltrans. He is a registered Civil
Engineer in California. He is also the departmental
expert in asphalt concrete (AC), which includes AC mix
design,AC pavement recycling, and AC modified mixes.
Mr. Van Kirk is one of the leading experts in the U.S. in
the subject of rubberized asphait concrete. He has made
presentations on the subject all over the U.S. and other
countries.

Moderator (Anaheim):

Kelly McArthur Ingalls,

Senior ManagementAnalyst,

City of Los Angeles/Integrated Solid Waste Management

Kelly Ingalls is a Senior Management Analyst with the
Integrated Solid Waste Management Office of the City
of Los Angeles. His chief assignments include technical
assistance to local government and the private sector
on waste reduction and recycling; recycled-content
products; sustainable design and construction; disaster
debris recycling; and waste tire management.

Mr. Ingalls was a member of the City’s Waste Tire Task
Force, which developed strategies for addressing illegal
tire dumping and developing markets for recycled tires
and crumb rubber products. He has worked closely
with the CIWMB on waste tire recycling program issues.

ISWMO produces a “Tire Re-Use and Recycling Guide,”
which can be obtained by calling 213/237-0143; sending a
fax to 213/847-3054; or via e-mail at ISWMO@Ioop.com.

Cliff Ashcroft, Marketing Director,
Manhole Adjusting Contractors Inc.

Cliff Ashcroft is currently General Marketing Manager for
the Asphalt-Rubber Paving Division of Manhole Adjusting
Contractors Inc. He started his career in the pavement
contracting field when he worked with the Equipment
Division of Sully Miller in 1984. Later he worked as
Manager of Production and Sales at the Norwalk Con-
crete Plant of Blue Diamond Materials. Prior to joining
Manhole Adjusting Contractors Inc., Mr. Ashcroft was the
Manager of the Class [l Base Department of Blue Dia-
mond in Long Beach. He has been promoting asphalt-
rubber to agencies and contractors for nearly

10 years now. He is instrumental in establishing the State
of California as a 1,000,000 ton annual consumer (roughly
2,000,000 tires).

Rubberized Asphalt Concrete

ldentifying The Key Elements of a Successful
Asphalt Rubber Program

Identifying and overcoming obstacles that prohibit the
use of rubberized asphalt concrete. An industry
perspective of potential pitfails and key elements to
success as identified by the hands-on experience of
10 years in marketing California.

Joe Goldhammer, Materials Engineer,
San Diego County Materials Testing Lab

Joe Goldhammer, PE;, G.E., is the Materials Engineer

for the San Diego County Department of Public Works,
holding that position for the last 20 years. He is _
responsible for QA/QC of department construction
projects, laboratory testing, preliminary soil investiga-
tions, development of maintenance strategies, and use of
new products.

Use of Crumb Rubber Modified Asphalt Projects
in San Diego County

Presents use of crumb rubber modified asphalt cement
from the initial crack sealing project in 1977 to current
hot mix overlays and chip seals. Discuss projects in
solid waste landfill roads, truck routes, residential and
commercial roads. In addition, chip seals in the desert
will be discussed.

Michael Harrington, Sales and Marketing Director,
BAS Recycling, Inc.

Mr. Harrington is a graduate of the University of
Wiashington-and spent several years in the aerospace
industry and private sector before becoming involved

in the asphalt rubber and waste tire industry. In 1985,
he became President of PaveTech Corporation which
held a proprietary license for one of the systems of
incorporating crumb rubber into asphalt concrete. In
1989, he joined BAS Recycling, Inc.,a whole tire recycling
company located in Southern California. Currently,

Mr. Harrington is the Sales and Marketing Director of
BAS where he procures markets and sells the 30 million
pounds of crumb rubber that BAS produces annually.

Presentation

The use of asphalt rubber concrete offers the
opportunity of an improved highway surfacing material
with a definite ecological benefit. BAS Recycling is a
recycler of whole used tires into crumb rubber that
meets the gradation and specification requirements

of the Crumb Rubber Modifier (CRM). As evaluations
on the use of AR for its enhanced performances are

~ conducted, its ecological benefit should also be included

in the evaluations.
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Rubberized Asphalt Concrete

Gary Hildebrand, Maintenance Manager,
Caitrans

Gary Hildebrand is a Maintenance Manager for Caltrans
and has been with that department over 29 years. His
background in Highway Maintenance include working

in Districts 1,4, 7, 10, Headquarters Maintenance, and
at the Translab in Sacramento. Prior to his current
assignment, Mr. Hildebrand worked in Headquarters
Maintenance as a Roadbed Major Maintenance Coordi-
nator. Currently, Mr. Hildebrand works in the Pavement
Consuiting Services Branch as a consultant to both
Caltrans and private industry for all maintenance
strategies statewide.

Caltrans’ Experience with Asphalt Rubber
Chip Seals

Caltrans has been using Asphalt Rubber Chip Seals in
their maintenance program since the early 1970'.
Caltrans is the leader in the U.S. using the wet process
asphalt rubber binder which utilizes scrap tires.

Tom Kirk, Supervising Engineer,
Willdan Associates

Tom Kirk, Supervising Engineer, has served as

Pavement Engineer for numerous projects over the

past twelve years with Willdan Associates. Mr. Kirk’s
total experience with pavement technology exceeds
seventeen years, as Construction Coordinator in City

of Industry and Director of Public Works in Sierra
Madre. His continuous involvement in pavement
management systems and pavement rehabilication design
keeps him up-to-date with the latest developments in
the industry. He was the Pavement Engineer on the first
asphalt-rubber hot mix overlay on an arterial street in
Southern California and performed the same services on
over 30 such projects since. As Pavement Engineer,

Mr. Kirk prepares specifications, develops structural

sections, manages construction inspection and performs

asphalt-rubber plant inspections for all of his projects.

The Reaction of Asphalt and Rubber

Attaining a complete reaction of asphalt and crumb
rubber for asphalt-rubber pavement binder. Discussion
of the nature of and what constitutes a full reaction
and how to verify completion of the process, for
formulations of the various types of natural rubber
and equipment.

Frank Lancaster,
Los Angeles County Department of Public Works

Frank Lancaster graduated from the University of
Arizona, Tucson, in 1966. He began his career with the
Los Angeles County Road Department in June of 1966,
where he gained a wide background in highway engineer-
ing, including experience in highway design, traffic signal
design, construction, and materials engineering.

Mr. Lancaster has been very active in the APWA-AGC
Greenbook specification since 1984, and was instrumen-
talin writing the first Greenbook specification for asphalt
rubber in 1986. He is active in the Association of Asphalt
Paving Technologists (AAPT), the Pacific Coast Confer-
ence for Asphalt Specifications, the Asphalt Paving
Association, and is Secretary of the Greenbook
Committee and Chairman of the Southern Counties
Materials Engineers Group.

Presentation

Caltrans guidelines for reduced thickness design of

ARHM. Validation of Caltrans guidelines by Los Angeles

County:

* Los Angeles County Asphalt Rubber Program
overview and case histories.

Asphalt Rubber laydown techniques:
* Density problems,

* Tracking problems, and

* Tips.

David Strassman, President and General Manager,
DRS Ltd.

In 1983, Mr. Strassman purchased and constructed an
asphalt plant and is currently one of three producer
contractors in the City of Madison. Many of the
improvements to DRS Ltd. include adding an asphalt
recycle system, converting the plant to produce
rubberized asphalt, automating the plant to run on
computer; adding a fiber input machine tied to the
computer, receiving the U.S. Patent for dry type
rubberized asphalt, installing over 25,000 tons of
rubberized asphalt, and introducing rubberized
streetprint and infrared printing.

It’s Easy

Production of rubberized asphalt, installation and lay down
procedures, multiple types of applications and recycling
capabilities. We have been manufacturing and installing
recycled rubberized asphalt for six years now. We currently
hold a U.S. patent for dry type procedures, have developed
and built all machinery to process rubber and automated
batch plant with computerized controls and memory.




Rubberized Asphalt Concrete

BarryTakallou,Vice President,
TAK Consuiting Engineers

Dr.Takallou is a nationally and internationally recognized
expert in the field of rubber modified asphalt. He has
served as co-Principal Investigator on evaluation of
rubber modified asphalt for the Alaska and Florida
Departments of Transportation. He has developed
asphalt rubber (TAK System) specifications, construction
guidelines, quality control, and mix design methods for
the states of New York, New Jersey, lllinois, Oregon, and
Canada. He served as Technical Advisor and Reviewer
for the EPA’S Market Development Study for Used Tires.

Applicability of SuperPave Models for Design and
Construction of Rubberized Asphalt Pavements

In this presentation, the applicability of SuperPave testing
methods for development of mix design and evaluation
of rubberized asphalt mix properties, mix designs using
both the SHRP Level | and Il mix design procedures as
well as the traditional Marshall Mix design scheme, and
performance testing on the mixtures using the
SuperPave Repetitive Simple Shear Test at Constant
Height (RSST-CH) to evaluate the resistance to
permanent deformation (rutting) of the rubberized
asphalt mixtures will be discussed.

The test results indicate that (1) SuperPave mix design
resulted in asphalit rubber contents that are significantly
higher than values used successfully in the field,

(2) Marshall used gyratory compaction could not
produce same densification trends, and (3) SuperPave
mixture analysis testing (Level Il) was used successfully
for rubberized asphalt mixtures. Results clearly
indicated that mixture selected show acceptable rutting
and fatigue behavior for a typical new construction and
for overlay design. However, few problems were
encountered in running the SuperPave models. The
presentation will summarize the results of tests
performed on rubberized asphalt binder and mixtures
using SuperPave technology and describe the
performance of the rubberized asphalt project con-
structed in Southern California using SuperPave mix
design.

JackVan Kirk, Senior Materials and Research
Engineer, Caltrans

Mr. Van Kirk is presently Chief of the Flexible Pavement
Section in the Pavement Consulting Services Branch. He
has worked in the area of materials and research for the
past I8 1/2 years at Caltrans. He is a registered Civil
Engineer in California. He is also the departmental
expert in asphalt concrete (AC), which includes AC mix
design, AC pavement recycling, and AC modified mixes.
Mr. Van Kirk is one of the leading experts in the U.S. in
the subject of rubberized asphalt concrete. He has made
presentations on the subject all over the U.S. and other
countries.

Caltrans Pavement Rehabilitation Using
Rubberized Asphalt Concrete

Caltrans has considerable experience with the use

of recycled rubber in asphalt concrete (AC). This
experience began in 1978 and has continued to the
present. The experience to date has shown that the
use of rubber in asphalt concrete can be cost-effective.

On the early projects, Caltrans compared equal
thicknesses of rubberized asphalt concrete (RAC) to
conventional AC. The RAC has outperformed the
conventional mixes on these projects and most of these
projects are still in service. In 1983, a project was
constructed using reduced thickness RAC (as compared
to the design thickness for the conventional AC). This
project has shown that thinner sections of RAC can
outperform thicker sections of conventional AC,

In February 1992, Caltrans developed an Interim Design
Guide for RAC. This design guide, which was approved
by FHWA, allows routine usage of RAC as an approved
rehabilitation strategy for pavements in California. Since
this guide was approved, the use of RAC has significantly
increased in California. However, in 1993 and 1994,
there were complaints of illness by workers on Caltrans

_ projects. Caltrans has conducted air emissions testing

on over |5 projects beginning in 1993. Testing to date
has shown that acceptable worker exposure levels have
not been exceeded on these projects. Caltrans is
working with industry via a permanent standing commit-
tee to improve and refine the RAC specifications.
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Speaker Addresses

Cliff Ashcroft

Manhole Adjusting Contractors Inc.

P.O. Box 250

Monterey Park, CA 91754
Phone: 213/725-1387
Fax: 213/725-7620

Ann Baba

Ann Baba Associates
P.O.Box 509
Burbank, CA 91503
Phone: 818/848-2899
Fax: 818/848-2899

Frank Congemi
American Rubbertech
112-01 75th Avenue
Forest Hills, NY 11375
Phone: 718/520-0401
Fax: 718/520-6605

Joe Divinagracia

Clean Washington Center
2001 6th Avenue, Suite 2700
Seattle, WA 98(21

Phone: 206/587-4221

Fax: 206/464-6902

Robert Feinbaum
Feinbaum Associates
3001 Ashbrook Court
Qakland, CA 94601
Phone: 510/534-7008
Fax: 510/534-7008

Michael Frost

City of Folsom

50 Natoma Street
Foisom, CA 95630
Phone: 916/355-7220
Fax: 916/355-7328

Joe Goldhammer

San Diego County Materials
Testing Lab

5555 Overland Avenue, Building 5
Mail Station 090

San Diego, CA 92123

Phone: 619/694-2842

Fax: 619/694-2462

Ethan Grove

Elastomeric Technologies, Inc.
6411 Horseshoe Road
Clinton, MD 20735

Phone: 301/868-4746

Fax: 301/868-4822

Michael Harrington

BAS Recycling, Inc.

1400 North H Street

San Bernardino, CA 92405
Phone: 909/383-7050

Fax: 909/383-7055

Gary Hildebrand
Caltrans

5900 Folsom Boulevard
Sacramento, CA 95819
Phone: 916/227-7022
Fax: 916/227-7242

Ross Kashiwagi
Granite Construction
38000 Monroe Street
Indio, CA 92203
Phone: 760/775-7500
Fax: 760/775-8229

Tom Kirk

Willdan Associates

12900 Crossroads Parkway South,
Suite 200

City of Industry, CA 91746
Phone: 310/908-6284

Fax: 310/695-2120

Frank Lancaster

Los Angeles County
Department of Public Works
Materials Engineering Division
900 South Fremont
Alhambra, CA 91803

Phone: 818/458-3136

Fax: 818/458-4913

Kelly McArthur Ingalls

City of Los Angeles/Integrated Solid
Waste Management

200 North Main Street, Room 1450
Los Angeles, CA 90012

Phone: 213/237-0143

Fax: 213/847-3054

Tom Pickard

Bayley Products LLC

PO. Box. 1802

Santa Monica, CA 90406
Phone: 888/251-0842
Fax: 310/230-4274

Richard Posiviata

EMC - Environmental
Molding Concepts

1400A North H Street
San Bernardino, CA 92405
Phone: 909/383-7049

Fax: 909/383-7055

Paul Schubring
Carsonite International
7458 Black Tree Lane
Citrus Heights, CA 95610
Phone: 916/725-1373
Fax: 916/725-5497

John Serumgard

Scrap Tire Management Council
1400 K Street, NW
Washington, D.C. 20005
Phone: 202/682-4842

Fax: 202/682-4854

Mary Sikora

Recycling Research Institute
I 33 Mountain Road
PO.Box 714

Suffield, CT 06078

Phone: 860/668-5422 or
703/280-9112

Fax: 860/668-5651




Cornelia Snyder
JaiTire industries, Inc.
4591 vy

Denver, CO 80216
Phone: 303/322-7887
Fax: 303/322-9757

Peter Spendlove

Sports Advancement and
Research Co. Ltd.

Technology Wing, Howitt Building
Lenton Boulevard

Nottingham

United Kingdom NG7 2BG
Phone: 44 (0/115 952-9331

Fax: 44 (0/115 952.9332

David Strassman

DRS Ltd.

2534 South Fish Hatchery Road
Madison,WI! 5371 1|

Phone: 608/274-4932

Fax: 608/273-2468

Barry Takallou

TAK Consulting Engineers

23272 Mill Creek Drive, Suite 250
Laguna Hills, CA 92653

Phone: 714/458-3640

Fax: 714/458-3748

JackVan Kirk
Caltrans

5900 Folsom Boulevard
Sacramento, CA 95819
Phone: 916/227-7300
Fax: 916/227-7242
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Paul Alva
Engineer Assistant

Los Angeles County Public Works
900 South Fremont Avenue

Los Angeles, CA 91803

Phone: 818/458-3573

Fax: 818/458-3593 |

John M. Armando
Raisch Products

PO.Box 643

San Jose, CA 95106
Phone: 408/227-9222
Fax: 408/227-0514

Kathryn A. Baham
Chemical Engineer, Health and Safety

Specialist

20411 Tideland Lane
Huntington Beach, CA 92646
Phone: 714/962-4460

Max Becker

Agent

Benet-Gold Marketing, Inc.
2 North Madrid Avenue
Newbury Park, CA 91320
Phone: 805/498-3905
Fax: 805/498-5343

Mark Belshe
Asphalt Rubber Manager

FNF Construction, Inc.
I 15 South 48th Street
Tempe, AZ 8528l
Phone: 602/784-2510
Fax: 602/921-8720

George Bolton
County of Alameda
951 Turner Court
Hayward, CA 94545
Phone: 510/670-5594

Charles Boudreaux
Asphalt Marketing
Paramount Petroleum
14700 Downey Avenue
Paramount, CA 90723
Phone: 310/590-9999
Fax: 310/634-0962

Robert Bowen
CEQO/Chairman

RubberTech

2047 Grogan Avenue
Merced, CA 95340
Phone: 209/385-8570
Fax: 209/385-8573

Dan Briggs .
Paramount Petroleum

14700 Downey Avenue
Paramount, CA 90723

Phone: 562/531-2060, ext. 2713
Fax: 562/531-9746

Tom Brown
Vice President

CS Primetech

100 Garner Drive
Novato, CA 94947
Phone: 415/898-9007
Fax: 415/892-7129

Richard Bullock
President

RB&A [nternational

1046 Hirschfield Way
Rancho Cordova, CA 95670
Phone: 916/858-0554

Fax: 916/858-0555

Stephen W. Burhans
Manager, Quality Assurance
Paramount Petroleum

14700 Downey Avenue
Paramount, CA 90723

Phone: 562/531-2060, ext. 2713
Fax: 562/531-9746

Donna Carlson

Executive Director

Rubber Pavements Association
4500 South Lakeshore Drive, #359
Tempe, AZ 85282

Phone: 602/755-1269

Fax: 602/755-1270

Orlando Castano
International Tire

170 Hollister Avenue
San Diego, CA 92154
Phone: 619/429-1482

Steve Chan
Staff Engineer

Bureau of Street Maintenance
200 North Main Street, Room 1545
Los Angeies, CA 90012-4110

Dean Chen
President

CS Primetech

100 Garner Drive
Novato, CA 94947
Phone: 415/898-9007
Fax: 415/892-7129

Scott D. Cohen

Staff Engineer

West Coast Environmental
4253 Transport Street, Suite A
Ventura, CA 93003

Phone: 805/644-7976

Fax: 805/644-5929

Michael Contreras
California Integrated Waste
Management Board

8800 Cal Center Drive
Sacramento, CA 95826
Phone: 916/255-4453

Fax: 916/255-2573

Jeremy Cornett
Rogue Tire Recyclers
1600 Avenue F

White City, OR 97503
Phone: 541/826-9119

Art Creef

Director of Public Works
City of Rialto

150 South Palm

Rialto, CA 92376
Phone: 909/820-2602

Jack Dooley
Maintenence Supervisor
City of Rialto

[50 South Paim

Rialto, CA 92376
Phone: 909/820-2602
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Beth Eckl

Recycling Coordinator
Alameda County GSA

1401 Lakeside Drive, Suite 1106
Oakland, CA 94612

Phone: 510/208-9629

Fax: 510/208-9530

Michael Elles

Director of Sales |
Grandtech - Saturn Systems
201 East Shady Grove Road
Grand Prairie, TX 75050
Phone: 972/790-7800

Fax: 972/790-8733

Francisco Espinoza
Recycling Specialist

County of San Diego

5555 Overland Avenue, MS-0383
San Diego, CA 92123

Phone: 619/974-2668

Fax: 619/974-2636

Linda A. Falasco

President

Central Valley Rock, Sand & Gravel
Association

PO.Box 1464

Los Banos, CA 93635

Phone: 209/826-5955

Fax: 209/826-6564

Ramin Ferdows

TAK, Inc.

23272 Mill Creek, Suite 250
Laguna Hills, CA 92653
Phone: 714/458-3640

Fax: 714/458-3748

Leslie Fowler

West Valley Citizens Air Watch
10295 MiraVista Road
Cupertino, CA 95014

Phone: 408/255-6220

Fax: 408/255-3284

Dwight French
United Tire Recycling
13584 Central Road
Apple Valley, CA 92307
Phone: 760/247-7589

Nancy Gagnon
President
Bio-Ecological Builders
P.O. Box 83
Qak View, CA 93022
Phone: 805/649-3139
Fax: 805/649-5459

Nate Gauff

Waste Management Engineer
California Integrated Waste
Management Board

8800 Cal Center Drive
Sacramento, CA 95826
Phone: 916/255-4578

Fax: 916/255-2222

Michel Girgis

Associate Civil Engineer

City of Santa Ana Public Works Agency
101-A West 9th Street

Santa Ana, CA 92701

Phone: 714/647-5640

Fax: 714/647-5635

Michael Gross
Marketing Manager

Z Best Products

705 Los Esteros Road
San Jose, CA 95134
Phone: 408/263-2384
Fax: 408/263-2343

Maren L. Guerrero

Assistant Engineer

City of Sacramento Street Division
5730 24th Street, Building 9
Sacramento, CA 95822

Phone: 916/433-6336

Fax: 916/393-3725

Emilio Gurrola

CEO

Tire Reclamation of America
Corporation (TRAC)

14076 Eastridge Drive
Whittier, CA 90602

Phone: 562/945-0004

Fax: 562/698-5583

John Haines

Rogue Tire Recyclers
1600 Avenue F

White City, OR 97503
Phone: 541/826-9119

James Hansen

Director, Office of Physical Plant
California State University,

San Bernardino

5500 University Parkway

San Bernardino, CA 92407
Phone: 909/880-7206

Fax: 909/33-5904

Larry Hayden
Supervisor

City of Irvine

6427 Oak Canyon
irvine, CA 92720
Phone: 714/724-7620
Fax: 714/724-7607

Alexander Helou

Project Manager, Used Oil Program
City of Los Angeles

419 South Spring, Suite 800

Los Angeles, CA 90013

Phone: 213/893-8523

Fax: 213/893-8516

Glynn Holleran

Vice President

Valley Slurry Seal Company
PO.Box 1650

West Sacramento, CA 95691
Phone: 916/373-1500
Fax: 916/373-1438
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Michael Huls

Used Oil Recycling Coordinator
City of Baldwin Park

14403 East Pacific Avenue
Baldwin Park, CA 91706
Phone: 818/960-401 1

Fax: 818/337-2965

T.L. James

Director

City of Athambra

[ 11 South First Street
Alhambra, CA 91801
Phone: 818/570-5072
Fax: 818/282-1035

Krzysztof Jesionek
Manager, Solid Waste
GeoSyntec Consultants

1600 Riviera Avenue, Suite 420
Walnut Creek, CA 94596
Phone: 510/943-3034

Fax: 510/943-2366

Mark Kirkland
President

Oxford Tire Recycling
P.O.Box 969

Westley, CA 95387-0969
Phone: 209/894-3445
Fax: 209/894-3450

Rudi Kohler

Manager Special Project
Praxair, Inc.

39 Old Ridgebury Road
Danbury, CT 06812-0511
Phone: 203/837-2432
Fax: 203/837-2526

William LaValley

Civil Engineer

RKA Civil Engineers

398 South Lemon Creek Drive, Suite E
Walnut, CA 91789

Phone: 909/594-9702

Fax: 909/594-2658

David A. Lampert
President

Davato Corporation

711 Sutter Avenue

West Sacramento, CA 95691
Phone: 916/372-1234

Dean Langdon
Engineer

CalTrans

325 San Bruno Avenue
San Francisco, CA 94103
Phone: 415/557-1370
Fax: 415/557-2954

Robert D. Laubach, Jr.
Owner

Laubach & Associates
1530 Swallow Way
Hercules, CA 94547
Phone: 510/788-4214
Fax: 510/788-4214

Jerry Lawrie

Integrated Waste Program Manager
Merced County Solid Waste

2222 M Street

Merced, CA 95340

Phone: 209/385-7388

Fax: 209/725-1901

Pam Ledesma

Environmental Program Assistant
City of Cupertino Public Works
Department

10300 Torre Avenue

Cupertino, CA 95014

Phone: 408/777-3241

Fax: 408/777-3333

Raymond E. List

Managing Director

Fairfax Partners

1660 .School Street, Suite 106B
Moraga, CA 94556

Phone: 510/376-1138

Fax: 510/376-1776

James C. Lu

Chairman of the Board
American Rubber Group, Inc.
10701 Los Alamitos Boulevard,
3rd Floor

Los Alamitos, CA 90720
Phone: 562/799-1888

Fax: 562/799-8388

Hugh Marcy
President

Ecopave, Inc.

P.O. Box 492 :
Granville, OH 43023
Phone: 614/587-3606
Fax: 614/587-2187

Al Marshick

Engineer

Sigma Energy Engineering
5281 Fernridge Court
Camarillo, CA 93012
Phone: 805/384-9106
Fax: 805/385-7907

James C. Mason

Vice President

Rubber Technology International
3185 East Washington Boulevard
Los Angeles, CA 90023

Phone: 213/268-6842

Fax: 213/268-7328

Brian Mathews

Program Manager

Alameda County Waste Management
Authority

777 Davis Street, Suite 200

San Leandro, CA 95477

Phone: 510/614-1699

Fax: 510/614-1698

Ronald May

Senior Street Supervisor
City of San Leandro
14200 Chapman Road
San Leandro, CA 94578
Phone: 510/577-3449
Fax: 510/342-1192
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Ellsworth Meigs
Public Works Inspector
City of Calabasas
26135 Mureau Road
Calabasas, CA 91302
Phone: 818/878-4225
Fax: 818/878-4215

Dick Mellor

Paramount Petroleum

14700 Downey Avenue
Paramount, CA 90723

Phone: 562/531-2060, ext. 2713
Fax: 562/531-9746

Kipp Mickels

Owner

United Tire Recycling
13584 Central Road
Apple Vailey, CA 92307
Phone: 760/247-7589

David J. Mitchell

Civil Engineer

City of Long Beach, Department of
Public Works

333 West Ocean Boulevard

Long Beach, CA 90802

Phone: 310/570-6384

Fax: 310/570-6012

Ken Montgomery
Director of Public Works
City of Laguna Niguel
27791 La Paz Road
Laguna Niguel, CA 92677
Phone: 714/362-4339
Fax: 714/362-4385

Nicholas Morell

Planner

Los Angeles County Sanitation
Districts

1955 Workman Mill Road
Whittier, CA 90601

Phone: 562/699-7411

Fax: 562/692-294|

Barrett Niehus
Chief Operating Officer
Evolution Export
47 Cape Cod
Irvine, CA 92620
Phone: 714/552-4916
Fax: 714/505-3524

David Niknafs
Associate Engineer
City of Santa Ana -
101-A West 9th Street
Santa Ana, CA 92701
Phone: 714/647-5640
Fax: 714/647-5635

Jose Orsura, Jr.

Senior Maintenence Supervisor
City of Rialto

150 South Palm

Rialto, CA 92376

Phone: 909/820-2602

Jack Ozdere

{inspector

RKA Civil Engineers

398 South Lemon Creek Drive, Suite E
Wainut, CA 91789

Phone: 909/594-9702

Fax: 909/594-2658

Ralph Pacheco
Supervisor

City of Redwood City
1400 Broadway
Redwood, CA 94063
Phone: 415/780-7472
Fax: 415/780-7475

Spero Papaioanu

Estimator

Silvia Construction

9007 Center Avenue

Rancho Cucamonga, CA 91730
Phone: 909/481-8118

Fax: 909/481-8122

Dave Patterson
Sierra Pacific Turf Supply
4320 Anthony Court, #6
Rocklin, CA 95677
Phone: 916/652-5873
Fax: 916/652-4241

Kelly Polk
Independent Contractor
Sigma Energy Engineering
557 View Drive
Santa Paula, CA 93060
Phone: 805/525-5636
Fax: 805/525-5636 *5

Pete Price

Price Consulting

[ 121 L Street, Suite 610
Sacramento, CA 95814
Phone: 916/448-1015
Fax: 916/448-7176

Antonio L.A, Reis

Equipment Developer

Vitrom Manufacturing Consultants
44| Archglen Way

San jose, CA 95111

Phone: 408/578-7700

Fax: 408/541-9219

David B. Reynolds .

Principal

Enviro-Nomics

I 160-C North Golden Springs Drive
Diamond Bar, CA 91765

Phone: 909/860-8234

Mary Richmond

Section Head

MDE Recycling Service Division
2500 Broening Highway
Baltimore, MD 21224

Phone: 410/631-3315

Fax: 410/631-3321
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Stanford Rollins

Manager

Tire Recycling Programs

PO. Box 9338

Marina Del Rey, CA 90295-1738
Phone: 310/277-5091

Mike Salas

City of Baldwin Park
14403 East Pacific Avenue
Baldwin Park, CA 91706
Phone: 818/960-4011
Fax: 818/337-2965

Richard Scanlan

City of Rialto

Public Services Director
150 South Palm

Rialto, CA 92376
Phone: 909/820-2602
Fax: 909/820-2698

Ruth Sethe

Member

West Valley Citizens Air Watch
[ 1845 Upiand Way

Cupertino, CA 95014

Phone: 408/253-1673

Harlan Sethe

Member

West Valley Citizens Air Watch
| 1845 Upland Way

Cupertino, CA 95014

Phone: 408/253-1673

Frank Shearman

Paramount Petroleum

14700 Downey Avenue
Paramount, CA 90723

Phone: 562/531-2060, ext. 2713
Fax: 562/531-9746

Christy Shiao

Environmental Specialist

MDE Recycling Service Division
2500 Broening Highway
Baltimore, MD 21224

Phone: 410/631-3315

Fax: 410/631-3321
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Wayne Silvia

President

Silvia Construction

9007 Center Avenue

Rancho Cucamonga, CA 91730
Phone: 909/481-8118

Fax: 909/481-8122

Jeffery Smith

National Sales Manager
Polytek Southwest

| 1400 East Pecos Road
Queen Creek, AZ 85242
Phone: 602/987-3006
Fax: 602/987-0965

Skip Sowko
CalTrans

Floyd Staggs

Vice President/MFG

United States Rubber Recycling
10440 Trademark Street
Cucamonga, CA 91730

Phone: 909/989-3399

Fax: 909/466-4367

Jacqualin Starr

Owner

Earth Care Products
P.O.Box 347

San Juan Bautista, CA 95045
Phone: 408/782-6249

Steve Stein
Maintenence Supervisor
Public Works

350 Main Street

El Segundo, CA 90245
Phone: 310/322-3769
Fax: 310/414-0911

Rash Syed

Associate Civil Engineer
City of Cerritos
PO.Box 3130

Cerritos, CA 90703
Phone: 562/860-0311
Fax: 562/916-1371

Les Tokushige
Associate Transit Engineer
CalTrans

325 San Bruno Avenue
San Francisco, CA 94103
Phone: 415/557-1370
Fax: 415/557-2954

Flo Verano

Civil Engineer

City of Fairfield

1000 Webster Street
Fairfield, CA 94533
Phone: 707/428-7475
Fax: 707/428-7607

Ken Watson

W.W.Whiting
Street Superintendent
City of Alhambra

I'11 South First Street
Alhambra, CA 91801
Phone: 818/570-5072
Fax: 818/282-1035

Kent L.Wilson

Non-Hazardous Waste Minimization
Coordinator

Lawrence Livermore National
Laboratory

P.O.Box 808, L-621

Livermore, CA 94551

Phone: 510/423-2115

Fax: 510/422-3649

Zbigniew Witko

Process Development

Vitrom Manufacturing Consultants
441 Archglen YVay

San Jose, CA 95111

Phone: 408/578-7700

Fax: 408/541-9219
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ELASTOMERIC TECHNOLOGIES INC.
6411 Horseshoe Road
Clinton, Maryland 20735

HISTORY: In 1984, I founded Flex-A-Glas Roofing Systems, Inc., located in
Baltimore, Maryland. The corporation was an applied research and development
endeavor. The purpose was to find uses for rubber crumb as a filler or aggregate in
latex products. That same year I was introduced to latex neoprene at Dupont
laboratories in Wilmington, Delaware. Neoprene is a sensitive product to deal with.
I had been informed that industries from Germany were purchasing neoprene for
years to use with asphalt emulsions for roofing. However, Dupont could not find an
emulsion that was compatible with neoprene. After an exhaustive research, I found
a company which was producing an emulsion adhesive that was compatible with
neoprene. Manufactyring and sales of this new product was started in 1984. After
one year of testing on actual roofs, we were given the green light for production.
There was no cracking as is often found in hot asphalt. Deterioration was in the
form of slow oxidation. In 1985, commercial industrial roofing sales started. After
13 years of producing and applying this product, our roofs are still in excellent
condition.

1987 - The first application of rubber crumb as an aggregate in our roofing
product, 20 mesh whole tire rubber crumb was successfully mixed with neoprene
asphalt emulsion in the amount of two Ib. per gallon emulsion. After months of
equipment application failures, the secret of spraying was found. We have since .
developed an application rate of 5,000 sq. ft. per hr. The crumb rubber has the
same gravity in solution as our emulsion. Long-term shelf life is a reality. Minor
stirrings brings it back in solution. The result is thicker applications, longer wear
surfaces and durability.

1994 - A joint venture was formed with Envirotech Industries and Flex-A-
Glas Roofing Systems, Inc. A new corporation was formed. Automated computer
controlled machinery was installed to manufacture our asphalt emulsion and
neoprene asphalt emulsion crumb rubber product at the rate of 5000 gallons per
day. '

The new Corporation is known as Envirofiex Manufacturing L.L.C. 1947
Ben Hill Avenue, Baltimore, Maryland 21226.




ELASTOMERIC TECHNOLOGIES INC.
6411 Horseshoe Road
Clinton, Maryland 20735

HISTORY: In 1984, I founded Flex-A-Glas Roofing Systems, Inc., located in
Baltimore, Maryland. The corporation was an applied research and development
endeavor. The purpose was to find uses for rubber crumb as a filler or aggregate in
latex products. That same year I was introduced to latex neoprene at Dupont
laboratories in Wilmington, Delaware. Neoprene is a sensitive product to deal with.
I had been informed that industries from Germany were purchasing neoprene for
years to use with asphalt emulsions for roofing. However, Dupont could not find an
emulsion that was compatible with neoprene. After an exhaustive research, I found
a company which was producing an emulsion adhesive that was compatible with
neoprene. Manufactyring and sales of this new product was started in 1984. After
one year of testing on actual roofs, we were given the green light for production.
There was no cracking as is often found in hot asphalt. Deterioration was in the
form of slow oxidation. In 1985, commercial industrial roofing sales started. After
13 years of producing and applying this product, our roofs are still in excellent
condition.

1987 - The first application of rubber crumb as an aggregate in our roofing
product, 20 mesh whole tire rubber crumb was successfully mixed with neoprene
asphalt emulsion in the amount of two Ib. per gallon emulsion. After months of
equipment application failures, the secret of spraying was found. We have since .
developed an application rate of 5,000 sq. ft. per hr. The crumb rubber has the
same gravity in solution as our emulsion. Long-term shelf life is a reality. Minor
stirrings brings it back in solution. The result is thicker applications, longer wear
surfaces and durability. :

1994 - A joint venture was formed with Envirotech Industries and Flex-A-
Glas Roofing Systems, Inc. A new corporation was formed. Automated computer
controlled machinery was installed to manufacture our asphalt emulsion and
neoprene asphalt emulsion crumb rubber product at the rate of 5000 gallons per
day. . '

The new Corporation is known as Enviroflex Manufacturing L.L.C. 1947
Ben Hill Avenue, Baltimore, Maryland 21226.
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1995 - Upon submittal of our neoprene asphalt crumb rubber membrane to
Underwriters Laboratories (UL) for flame spread test, we sought and received a
Class A rating which gave us the opportunity to use the material on schools and
public buildings. It is light weight, environmentally friendly, has no fumes, and is
fireproof and easily maintainable.

1996 - 1997 The products are now marketed by Envirotech Industries, Inc.,
9420 W. Lake Highlands Drive, Dallas, Texas 75218: - (Voice)214-327-3904.
(Fax)214-327-4713.

Elastomeric Technologies, Inc.. 6411 Horseshoe Road, Clinton, Maryland
20735 (Voice) 800-680-9995. (Fax 301-868-4822.)

Following are some of the other uses for recycled crumb:

PLAYGROUND TWO INCH THICK MATS. After five years of research
and development, a final testing was completed by US Testing Laboratories. At two
inch thick, the mats are A.S.T.M. certified for a head fall test of 5°6” in two areas of
tests (Hick and Ram). They exceed requirements by 20%. These mats utilize 51b. of
1/8” rubber crumb per sq. ft. of area. 1.50 Ib. of Neoprene mat binder. The
manufacturing process machinery is fully developed and waiting for a
manufacturing organization to promote them into the market place. Business plans
and financial aids are available to qualified parties.

MINI PAVER: As latex binders were developed to utilize crumb rubber for -
playground and running tracks for resilient surfaces, it opened the door for a
machine to mix the rubber crumb and binder along with a catalyst to cure it and
apply it to the surface at 1/4” thickness. This patent applied for machine is fully
developed and ready to go to work. The Mini Paver can install 2400 sq. ft. per hour
or 19,200 sq. ft. per day. :

SPRAY SYSTEMS: In 1995, the first successful spray application of E-Flex

2 was applied to a 30,000 sq. ft. roof for Dupont in Louisville, Kentucky. Our
roofing formula of neoprene asphalt emulsion and 20 mesh rubber crumb was
applied using a one inch Double Diaphragm pump operating at 90 psi air pressure.
We applied 10,000 sq. ft. per hour at the rate of two gallons per 100 sq. ft. This
same formula utilizing 20 mesh rubber crumb and a different spray process can




apply E-Flex 2 directly to vertical concrete block foundations and above grade
walls. Two coats will seal walls to withstand a 4’0” column of water with only a pin
hole leakage. This material can be used as a base material for a decorative coating
serving as a permanent base that will not crack or peel.

TREATING PLYWQOOD ROOF SHEATHING: Our product can be used
for treating plywood roof sheathing for waterproofing and anti-skid surface with 20
mesh rubber crumb. In the construction-industry, millions of sq. ft. of slippery
plywood are applied daily to houseroofs of new homes. By coating one side of this
plywood with a latex emulsion with 20 mesh rubber, a new industry could be
developed creating thousands of new jobs. Some of benefits of this product are as
follows: Elimination of tar paper that usually blows off or tears under workman’s
feet thereby, causing roofs to leak and workman compensation rates to soar due to
accidents caused by their slipping. Roofers and carpenters have been seriously
injured and even Killed due to the failure of tarpaper applications. Waterproofing
anti-skid plywood products can be mass produced on a conveyor dryer indoor
system. The product will cure at ambient temperatures. Builders will use it because
it can be installed safely without additional cost. All joints can be taped shut just
like drywall taping. The result is a waterproof roof with a vapor barrier and an
anti-skid surface.

GUNITE SPRAY SYSTEMS: These machines air convey 1/4” rubber
crumb in a 1-1/2” hose, 30’ long. A second 1” hose carries the latex fluid to the gun.
These products are mixed in the gun and sprayed onto the surface. These
applications are usually applied to running tracks in 1/8” layers-for sun curing.
Multiple layers are applied to reached desired thickness. Elastomeric Technologies
is currently developing a latex binder to be used with this-system, for a major
marketing firm installing athletic running tracks.

WHAT’S IN THE FUTURE: Hundreds of thousands of flat roof buildings
are in place today with more under construction. All these roofs have a planned
obsolesce of 10 years before failure starts occurring. Billions of dollars are spent
annually repairing these roofs. If the architects and designers can build a structure
which can last 100 years and beyond, why can’t they design a roof to last the life of
the building. The reason is professional liability insurance. Hot asphalt multi-ply
system has been used for generations. It is accepted as a roof system with no
liability to the designers. To make matters worse, they cover the entire roof with
crushed stone at the rate of 5lb. per sq. ft. Now you have a nonmaintainable roof.
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The crush stone is how they get a UL class A rating. The stone is used for fire and
ultra violet protection, however, the sun penetrates the stone and deterioration
starts. Other high tech roofing products and membranes are very susceptible to
damage. So much so that they require walking pads for tradesmen to service air
condition units. Who then pays the bills for these short life cycle roofs? The
answer: We the taxpayers as usual.

Our answer is if you can pour a concrete floor, why can’t we pour a rubber
roof. The answer is WE CAN. Recycled rubber is the answer. An Elastomeric
poured roof with latex binders 1/2” thick will expand and contract with the weather
extremes. Chlorinated latex’s are very flame retardant. The latex formula used in
this product has a 25 year track record. By using a fireproof white reflexive topping
1/8” thick, you can get a Class A rating. This roof is fully adhered, no mechanical
fasteners needed, it will pass all wind lift requirements. No walking pads are
required. These roofs can then be used for outdoor patios, tennis courts and inter-
city playgrounds. New York City has already adopted this practice.

The challenge is now to make this a reality. The technology is here. Major
suppliers of latex will provide chemical engineering skills. Research and
development funding will be required for certification. Once developed,
Government agencies will have to unlock the barriers and work with developers and
not against them, which has been the practice in the past. The architects and
designers will have to be educated and engineering data provided for them to
understand the composite structures of such a roof. Major university research
centers with the proper guidance could complete this project in one year. The
Government Agencies and purchasing agents have always accepted the practice that
if it isn’t a Goodyear or Dupont or similar product, it just simply won’t be
considered. Elastomeric Technologies Inc., has now been given the green light by
Dupont to proceed with final development of this latex formula for recycled rubber
uses. Dupont is at the point that they recognize the successful use of neoprene latex
in our roofing products. They are now negotiating with us on how they can be
useful in helping us promote these products. -

As you can see time testing and credibility are the secrets of the successful
use for recycled rubber.

Elastomeric Technologies Inc., solicit your interest in any of these products.
Why re-invent the wheel when the answer is already here. License for
manufacturing and marketing are available for any of these products. Let us work
together and make it happen!
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(EMC) warrants Kid Kushion

Warranty: Environmental Molding Concepts
fects for (3) years.

i be free from manufacturing de

Contact your local Kid Kushion Agent for additional defails.

ENVIRONMENTAL
MOLDING CONCEPTS

el [909) 383-7049 ¢ Fox. (909) 383-7055

1 400A North "H" Street, San Rernardino, CA 92405 ¢
in‘o@emcmolding.com

www.ememolding.com * email:
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'Carsonite®

Sound Barrier System

A Sound Solution”

The Carsonite® Sound Barrier System (SBS) meets and exceeds the
guidelines set for noise reduction coefficient and wind loads required by

AASHTO and State Departments of Transportation for sound barrier walls.
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A New Concept in “Quiet” Noise

Carsonite International is one of the leading manufacturer's of
highway safety products and for almost two decades has been a
primary producer of highway safety accessories. A special area of
emphasis at Carsonite® has been the development of products that
contain post-consumer scrap materials. As a result, Carsonite has
created a Sound Barrier which incorporates a substantial amount of
past-consumer recycled rubber. The Sound Barrier is attractive,
durable and an effective solution to blocking noise. It can be used
along highways, crowded residential areas, and mass transit lines
which will prevent excess noise from entering into adjoining
residential and commercial areas.

Carsonite takes pride in the development of the Sound Barrier.
The wall not only addresses the environmental pollution problem of
what to do with our nation's discarded tires, it also solves the critical
problem of noise pollution found along the highway.

Problems
Environmental Pollution

RECYCLE, RECYCLE, RECYCLE . . . the buzz word of the 90's. Many of us are
familiar with the recycling of aluminum, stesl, giass and paper. What about recycling
rubber? The United States creates 250 million used tires annually that could be
recycled. The tires are currently being left in massive stockpiles or landfills, creating a
nationwide over-supply and disposal probism.

Noise Pollution

A large number of urban freeways have been built
over the past 30 years. Traffic is increasing and
many freeways are being widened. The resulting
increase in noise pollution is having a great impact on adjacent deve/opmem‘s The pub//c is
more av:are-of the effects of noise pollution in their lives and are turning to public agencies to
find a way to reduce the noise. Is there a solution to these problems?

A Solution

No other product on the market today solvas both the
nationwide problem of discarded tires and the noise pollution
created by vehicular traffic. The Carsonite Sound Bzrrier utilizes
the used tire rubber from the very vehicles causing the noise
pollution. to solve the noise pollution problem. The Sound Barrier
places recycled tire rubber, the key ingredient in the vall, within a
safe. durable composite building member. A ten-foot high wall
can consume up to 250,000 pounds of scrap tires (the equivalent
of 20.800 tires) per mile of barrier. The Carsonite Sound Barrier is
a perfect solution to the environmental and nois2 pollution
problems of today . . and tomorrow.




| How we do it

The Carsonite® Sound Barrier is constructed from structural planks mace by Barrier Plank Assembly
combining a ground. recycled rubber core within a fiber-rainforced composite
channel. The structural channels are made by using a fiberglass pultrusion
process. Glass reinforcements are combined with thermosetting resins. flame

0.375 — | | -€— COMPOSITE
-+ CHANNEL

retardants. U.V. stabilizers and other performance enhancers to form a RECYCLED
permanent. rigid closed structural plank. " A
The core. or recycled tire rubber and polyolefin portion. is mixed with flame / 7
retardant additives and shredded recycled plastic scrap. cr2ating the sound ¢
attenuating surface which is required in all barrier walls. A o’
Once the composite structural channels have been preduced. the rubbér core i
mixture is incorporated into the structural channel. The resulting rubber-iilled 27 | 0,125
structural planks are trimmed and assembled into prefabr cated panels. which 7 g
form the CARSONITE SOUND BARRIER. 7,
v =
—| | -—0.373
Compaosite Assembly " Can utlize up 10 250,000 Ibs. 2 Tile
. of recycled post-consumar rufls:!
The Carsonite® composite material _ * Tongue and groave buiiding p:a=s
utilized in the Sound Barrier shell « Versatle apolications

has been used world.vide for .
decades in demanding. outdoor
applications. The glass-reinforced
thermosst polymer canstruction

Variety of gasigns anc zclors

PHYSICAL PROPERTIES OF CARSONITE COMPOSITE"

resists fading. cracking. and a5y
deformation.

Flex Sirzngih 60.220 psi D7es
Tensiiz Strength £C.200 psi. D2z
Comprzssive Strangthi 80.200 psi. Dgge
Tensile Modulus 1.800.200 ps:. peg3s

Specific Gravity 1.5:t/0)
*  Structural integrity _ . it _egpes
These groLsriics are vai JVEr & JEMISIEIUrE TENge 0f =T I 1Sl

*EAysical 1287 reponts avaiiabis soon regues!

*  Lcaa-carrying ability

*  Lightweight (7.5 Ibs. per
square foot)

*  Easy instaliation

Noise Abatement NOISE BLOCKAGE

S.T.C. Required. . ... 25 minimum
Carsonite Sound Barrier wall panels, consisting of Carsonite S.T. C.*. .36

recycled tire crumb and a composite structural
shell, have sufficient density to provide the noise

. . ; . .T.C. = Sound Transmission Class,
reduction required for an effective barrier. S ° :

A measure of sound blockage

* As tested by Riverbank Acoustical
Lab, Geneva, lil.

The Carsonite Sound Barrier Wall has a noise reduction ccefficient (N.B.C.j of 0.15. A higher (N.R.C.) can be attaéined by using other
fascia treatments. Contact a Carsonite Representative for additional information.




Specifications | .

Width: Widths available up to 15 feet.
Height: Nominal height of 6-inch increments. Tallest height avaiiable in a single panel is 7 feet.

Thickness:  Assembled panel shall have maximum nominal overall thickness of 2-1/2".
Weight: Average weight 7.5 pounds per square foot.
Colors:

Customized colors and a wide variety of fascias are available upon request.

Installation

Barrier is easy. Once supports are firmly
in place, the wall panels are ready to be
installed.

The Sound Barrier wall panels are
preasszmbled off site. After the supports
are insialled, the panels make installation 5
quick and easy. A typical load is 40 panels 3 .
ey The completed Carsonite Sound Barrier is
(or 400 7est) per flat bed truck. attractive, durable, long lasting, and
meets all the enginssring and
architectural requirements for an efiective
Sound Barrier.

Summary
* Utilizes recycled rubber * Color flexibility
*  Extremely long life cycle * Architectural fascia versatility
*  Ease of fabrication and installation *  Maintenance free
*  Aesthetically pleasing * Solves environmental and noise
pollution problems

Represenauve: Disiridutor

i CARSONITE
//)) INTERNATIONAL ’\%,u,l Sclulp rﬁz

10 Bob Gifford Blvd Early Branch, SC 29916-0098
(803) 943-9115 « Fax: (803) 943-3375

(800) 648-7916

© 1993 CARSONITE INTERNATIONAL « ALL RIGHTS RESEIVED
U.S. PATENT NO'S: 5,217,771
5,272,284

V. 7198 3C-021835-83
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& UniBlend 80

UniBlend 80 is a low cost dynamic filler that
can be incorporated in compounds at the
10% to 30% level without deleterious effects
ce 4 to compound, process, or product perfor-
Magmfled 16x mance.

UniBlend 80 is a consistent and reliable
(P8O Mesh) material derived from the recy-

Effect on Tensile Strength

3500 1 . . . .

2000 cling of used tires. UniBlend 80 in your
@ 2500 257 compound will reduce overall compound
@ 2000 1
o
2 1500

cost without sacrificing quality or perfor-

1000 | | mance. UniBlend 80 undergoes continuous

50| = quality inspection and our Technical Staff
01 ; ” would be pleased to recommend an opti-

Control 10% 20% 30%
UniBlend80  UniBlend80  UniBlend80 . .
mum loading percentage based on your
specific compound requirements.

Effect on Elongation
Physical Properties
A * 100% Passing 80 Mesh
o e Average particle size = 150 Microns
e Surface area = 0.48 m?/g
ASTM method D-4780 using Krypton
Gas

Contl yyibigaiso  UniBiendso  UniBiendao e Specific gravity 1.1 to 1.2

5 500%
c) 450%
& 400%

350%
< 300%
O 250%
B 200%
o 150%
o 100%
W 50%

s iace valnetainiistetaiat i SR

Chemical Analysis

Effect on Cure Time

. ASTM D297

l | % Extractacles 4-16
3 g % ASH 2-10
l = % RHC 4565
i 5 % CB 25-35

0% 20% 30%
Control  yyidiondso  Unidlonds  UniBlends

o i)

Rubber propetties usmg
iBlend 80 in ASTM

andard Formulation ) BA s
3192-NR Recycling, Inc.

1400 North "H" Street, San Bernardino, CA 92405
Tel. (909) 383-7050 « Fax. (909) 383-7055
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CHARCOAL

Kid Kushion is available in the standard colors shown and custom colors may be sgecial
ordered. The Confetti and Starburst Kid Kushion are from our TuffKid line produced using
crumb rubber derived from tire recycling, the top color portion is @ custom EPDM. Kid
Kushion in our EnviroKid line is produced from 100% recycled tire rubber, including the
color portion, and available in TerraCotta, Verde, Azure, and Charcoal. Contact ycur
local Kid Kushion Distributor for assistance in design, layout and color selection for your
particular installation.

EMC warrants the full line of Kid Kushion products to be free from Manufacturing Defects.

AC
ENVIRONMENTAL
MOLDING CONCEPTS




Kid Kushion Tiles & Ramps (Patent Pending)

Top view 2.5 and 3.5 tiles Bottom view 2.5 and 3.5 tiles
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@ @ @ @ = for Clip
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1

00030030
L 1 ” I I 17
! 24" ;
_ Side view 2.5” tile and ramp 1"Wide Installation Clip
2.5" ( A A 7 r\ —3/8" Attach to bottom of mat at indentaticn
: 24" i — 8 — -
Side view 3.5” tile and ramp T i
T, 7/8" :
r 24’ — 24" : ——29/1¢" i
90° Corners for 2.5” Tile 90° Corner Transition Pieces for 3.5” Tile :
38" . kS .
Sy Outside - _ 48
|
8"
+ [ 24
|
&5 j— | Left or Right
28" Inside or Qutside
" N _
—& ", . 54 { Corners
gt o
_I_ Inside 4"
g — 24
1 3.5" Straight Ramp
—12%— 3/8"_ 1
1] } 48"
'ENVIRONMENTAL
MOLDING CONCEPTS

1400A North "H" Street, San Bernardino, CA 92405 e Tel. (909) 383-7049 o Fax. (909) 383-7055

www.emcmolding.com ¢ email: Info@emcmolding.com







The Leader in Tire Recycling

Our recycling technology begins with the separation of used
tires into their constituent parts of steel, fabric and rubber.
The tire rubber pieces are then processed into crumb rubber.
BAS Recycling, Inc. offer o complete solution to the used
tire solid waste problem with the collection and recycling
of tires generated by tire dealers, tire manufactures, tire
retreaders, and many public agencies.

High Quality Crumb Rubber
The crumb rubber produced is continually in-
spectad to insure quality and is cvailabie in a
wide range of gradations that is uniform,

onsistent, and contaminate fres. Suriac
Trecfed and custom matrix blended m O",’»OIS are statistically rested ic

insure consisians, quality enginesred mcrerial.

Raw Mealerial For All rubber Producis

The crumb rubber meisric! is oroduced to gragations
suiteble for inceracration info rubber mixes using
conveniional rubber mixi ng equipment. The resultant
mixturss con be mo cad or exiruded depending on
application. Qur tecnnical *‘cm‘ is available o work
with your requiremens o aevelop a custom blend of
crumb rutber enginearsd tc soecific requirements and

avcilable in both a surfczs frecsc or untreated marerial.

Eow Cost Engineered Materials = increased Profits

Why is crumb rubber from whole tire rezicling suitable “or inclusion in vour
arocass or product line? The answer is very simple. Reduced
Procuction Cosi; using our low cost engineered mctericis

-asulis in increcsed manufacturing profits. A lower cost

@]

lternative fo virgin matericls, with their SKyrockeﬂng pricss,
cllow a price competitive advantage in coth new producs

cevelooment anc existing product lines.




Tomorrow's
Technoiogy,
Available

Today...

BAS Recycling, Inc.’s entry into the
whole tire recycling indusiry dates
back to the opening of our original
facility in 1989. Those ecrly efforts
led us to an understanding 01; the
challenges involved in the production
of quality, contaminate fres, crumb
rubber from whole tire recycling.
Continuing as the indusiry leader and
innovator, BAS Recycling, Inc. is the
first tire recycling company to offer
custom matrix blending of recycled
materials and technical support to

optimize incorporation of our treated

or untreated materials.
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) BAS"RVe:cycli’ng), Inc"s_:‘8:
>.Vcopc:'bili1'y _frqﬁ\l__@\‘/gh}iour largest
. h‘ﬁ'ql’rri-Am_ij'liQrfrbé'und};S’rb‘rdge"_’AEQq

1400 North "
" Tel: (909

) ,0(30 _s.qudre‘ fo

" St rétef, S vc'{n- Bé}h‘c d
) 383-7050 ° For. |

ot facility, on séveh acres, has the production
crumb rubber demand.. We cani supply from our — . -
with same day order and shipping. - :

ﬁééycﬁﬁg;fln

c.

ino, CA92405~"
909) 383-7055
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Introdugtion

Sureflex is an, Elastomeric Impact Absorbing Asphalt. A pioneering Technology, developed
by the University of Nottingham in conjunction with SARCO, Tilcon (South) Ltd and Shell
Bitumen. A designed material which is applicable to many different industries. Resuitingina
range of products, many of which have not yet been conceived.

Sports Advancement & Research Co Ltd

SARCO's purpose is to Licence asphalt manufactures to produce and market the range of
products as they are developed in conjunction with the University of Nottingham.

Sureflex is a registered Trade Mark.
The Sureflex Technology is world patent pending -

Sureflex was invented by Peter Spendlove MIAT.

Peter Spendlove is Managing Director of Sports Advancement and Research Co Ltd.

Peter, 25 years main stream architecture, entered the sports surfacing industry as Project
Manager with Balsam UK in 1990. Responsible for designing and building of 50+ synthetic
pitches and 6 athletics tracks. Left Balsam at the request of Fitzpatrick Civil Engineering to start
a Sports Surfacing Department for the company. Left Fitzpatrick in May 1995 to develop the
Sureflex Technology in conjunction with Dr John Read of Nottingham University and Shell
Bitumen. Enablers to bring the Technology to the market place included, Tarmac Industries and
Leigh Environmental

Sureflex Technology Dr John Read BEng (Hons), MIAT, MIHT

John Read, PhD, now Technical Manager of Croda Bitumen, joined Nottingham University as
Research Officer in 1995 with special responsibilities for research into the behaviour of
bituminous materials. His first degree was in materials engineering and he has recently been
awarded his PhD on fatigue cracking of bituminous paving mixtures. His experience before
academia concerned running asphalt and concrete plants and dealing with all technical matter
relating to civil engineering materials for a major civil engineering contractor. During this time
he also gained considerable practical quarrying experience. He is presently involved in a joint
project between Nottingham and Cambridge Universities on bituminous materials. Among other
things he brings expert knowledge of materials and considerable computing skills to the team.

Sureflex Technology Dr Andrew Collop

Andrew Collop PhD, joined Nottingham University as a Lecturer in 1995. After he completed
his PhD at Cambridge University he continued to work on the interaction between heavy goods
vehicles, the environment and pavement materials. His general interests are in the area of
dynamic vehicle pavement interaction and the mechanical behaviour of bituminous matenals.
Among other things he brings expert knowledge of mechanics and dvnamics and considerable
computing skills to the team.

The Sureflex Technology is Patent Pending, owned by Sports Advancement and Research Co Lid, who reserve the right 1o change the
specifications and or design of products without nonce 1




Impact Absorbing Asphalt

Authors Peter Spendlove & John Read PhD B Eng (Hons) MIAT MIHT

Present Technology

The concept of using recycled tyres as an additive to flexible pavements is generally accepted
as having been conceived in the States in the 1960's and highways agencies have been evaluating
rubber crumb modified technology in hot mix asphalt since that date. Numerous technologies
have been studied with varying degrees of success. The most significant of these 1s the wet
process, which consists of the modification of the bitumen by the incorporation of less than
600um diameter ‘powdered rubber, the result being a binder in which the elastic phase remains
dominant at high temperatures ( up to 50°C) giving the road surface a high resistance to
permanent deformation and a lower temperature susceptibility. The armival of block
copolymers, such as Styrene-Butadiene-Styrene (SBS), has now generally replaced this process
due to their enhanced performance (increased resistance to permanent deformation, fatigue
cracking and thermal cracking), and better storage stability over long periods, due to better
chemical compatibility. There are also no concerns over the durability of SBS binders, which
cannot be said for crumb rubber modified ones. These methods of modifying the performance
of binders for road construction are well developed and documented, however, little or no work
has been carried out into the IMPACT ABSORBING characteristics that occur if the quantity
and particle size of rubber is increased to such as point as to become a volumetrically major
proportion of the mixture.

Current thinking for impact absorbing surfaces concentrates on the use of resin, or polyurethane,
as the binder with a large size of rubber crumb, typically 2mm to Smm in diameter, used to
impart the Impact Absorbing properties. This technology, generally relates to BS 7044 'and BS
71882, and concentrates on the Sports Surfacing and Children's Safety Surfacing Industries for
its applications.

SARCO (Sports Advancement & Research Co Ltd) conceived the idea of combining the two
technologies, and following subsequent research, with the Department of Civil Engineering at
the University of Nottingham, Sureflex was born and patented worldwide.

Sureflex Technology
The Sureflex Technology research has produced a range of remarkable new materials. The first

three in commercial production are, Sureflex Playstar, Sureflex Hockeystar and Sureflex
Tennistar which comply with BS7188 and BS 7044. The essence of the technology 1s in
achieving a continuous elastic phase throughout the full depth of the material, providing an
instantaneous deformation and return mechanism. There is also a viscous phase in the materal
that allows damping (energy absorption), and a plastic phase to accommodate plastic strain
without cracking. The polvmer-modified bitumen used in the materials plays a key role in
joining the discrete particles of crumb rubber to form the elastic phase. The natural visco-

The Sureflex Technology is Patent Pending. owned by Sports Advancement and Research Co Lid, who reserve the rmght to change the
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elastic nature of the bitumen supplies the viscous, or time-dependant, phase and the aggregate
“skeleton” provides plasticity. Performance of the Impact Absorbing Asphalt can be adjusted
to suit any application by altering the ratios of the elastic, viscous and plastic phases. In
practice, this is achieved by altering the volume fractions of the bitumen, rubber, and aggregate,
and the particle size distributions of the rubber and aggregates. For example, to make materials
suitable for a sprinting track the elastic phase can be increased to dominate the properties,
whereas a long distance running track needs a more viscous response. Other applications may
be designed for by changing the source of crumb rubber (which changes the response). Softer
rubber (from earth-moving tyres for example) produce asphalts more suitable for safety surfaces
as they provide a higher degree of “shock absorption”. Conversely using harder rubbers
produces harder wearing surfaces more suitable for pedestrian usage. The Technology uses
existing asphalt production equipment and therefore requires no additional capital expenditure
by the manufacturer. The aggregates and binder are heated and added to the pugmill to which
the rubber is added cold ( to reduce softening). The temperature of the final mixture when it
comes out of the pugmill is around 145°C, allowing it to be laid with conventional asphalt-laying
equipment. Once mixed, the material is placed in a well insulated lorry where it can remain for
up to four hours with little or no loss in temperature. This allows a single production facility
to produce material for laying within a 200 mile radius. Material is laid conventionally by
pavior or by hand, following tight quality control procedures. The consortium (University of
Nottingham, SARCO and Tilcon) has written production, laying and performance specifications,
ensuring that the product proves durable and cost-effective in service. The finished surface, in
the case of Sureflex Playstar, is ready to be used within a few hours, once the temperature of
the material has cooled to the ambient air temperature. Sureflex Hockeystar on the other hand
is ready to take the grass carpet for all weather sports pitches as soon as the laying process is
complete.

Environmental Impact

The new Technology produces a range of simple, cost effective and environmentally friendly
products. It has the potential to make use of a significant proportion of the UK scrap tyre
stream, currently running at 350,000 tonnes per vear. At present tvres are considered a
hazardous product and are generally land filled or incinerated. New environmental tipping
charges in the UK are resulting in fly tipping causing additional health-and environmental
problems and currently less than 10% are recycled, most of which is into the Sports Surfacing
Industry. The concept of treating tyres as a resource and not a waste is not inconceivable and
may place a value on the tyres in the future, but before that can happen the vast stock piles
across the world have to be utilised. Sureflex replaces aggregates with rubber crumb, thereby
reducing the environmental impact of quarrving virgin aggregate. With a health bill of £%4bn
being spent on repetitive strain injuries on sports fields* and probably 10 times that on injuries
incurred by falls on asphalt pavements and plavgrounds. The cost effectiveness of Sureflex
makes it a very attractive technology to Local Authorities, that now have to answer to both the
environmental, health and safety lobbies. France is alreadv a step in front of the UK, with a new

The Sureflex Technology is Patent Pending, owned by Sports Advancement and Research Co Lid. who reserve the right to change the
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law passed in December 1996, requiring Impact Absorbing Material to be laid on all childrens
play areas. The proposed targets in the UK for the year 2000 are 10% prevention, 25% retreading
and 65% recovery. Current estimates of waste tyre use are that +5% are absorbed in civil
engineering, environmental/safety applications, etc., with at least that amount used in
crumbing/granulating . Each country is taking a different approach to the problem, and in some
instances, exporting to neighbours on a legitimate commercial basis which only exasperates the
global problem. The principle reason for this world merry go round is the lack of use for the
end products. The Sureflex technology answers these questions, being cost effective,
environmentally friendly and of benefit to the community.

Research & Development

A three year programme of research and development work is currently underway at the
University of Nottingham. This work involves detailed chemical and physical study of the
range of materials being produced, the development of dynamic test equipment, consideration
of the thermal and sound conductivity properties, the use of alternative sources of raw materials
and further modification techniques to optimise the bitumen. Commercial products will
continue to be developed, predominantly into the field of civil engineering: as a Stress Absorbing
Membrane Interlayer ( SAMI) in roads where thermal or ground movement has resulted in
cracking of the wearing course; as an alternative to concrete floor screeds, and many other uses,
some possibly not yet conceived. The project team considers that in excess of 20 products may
well be developed out of the generic technology. With applications into all industries.

Some of the most interesting work will be carried out in conjunction with Nottingham Queens
Medical Centre. The need for research into possible relationships between the use of artificial
surfaces and injury incidence has recently been highlighted® The common assumption has been
that the use of materials with increased shock absorption characteristics will result in a lower
probability of impact injuries. Biochemical measurements of ground reaction forces and lower
body limb kinematics have been used in the literature to provide indications of the loading
experienced by the structures of the lower body. It has been found that using a material with
enhanced mechanical shock absorbing properties as part of the sports surface does not
necessarily reduce the maximum loading experienced by the human body during sporting
activity. It is, therefore, apparent that in addition to quantifying and optimising the mechanical
properties of surface materials, a study of the complex interaction between the human body, the
shoe and the sports surface is required. The proposed research therefore includes an
investigation of the influence on bio-mechanical variables of impact with surfaces with differing
mechanical properties. '

The Sureflex Technology is Patent Pending,, owned by Sports Advancement and Research Co Lid, who reserve the right 1o change the
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Benefits of the New Technology
Public heath and fitness will benefit directly from the technology due to the provision of sports

surfaces optimised to meet the performance and safety requirements of selected sports activities.
The reduced cost of the material, relative to traditionally used materials, will increase the ability
of local councils and private companies to fund the laying of sports surfaces. For the average
user, the likelihood of injury occurrence will be reduced thus, decreasing medical costs. In
addition, the reduced injury occurrence will allow continued activity and, thus, increased
cardiovascular fitness and reduced medical costs from cardiovascular disease will result. For
elite sports people the reduced injury incidence resulting from the use of optimised surfaces will
allow increased training at an appropriate level and thus improved performance. The use of the
material in children’s playgrounds will reduce the incidence of injury to children. The UK
public will also benefit from the reduction in the environmental impact of waste tyres.

Public funding regarding the storage of waste tyres will be reduced. The UK construction
market will benefit from new product availability into a currently depressed market and the UK
balance of payments will benefit from the sale of UK Technology overseas.

Concluding Comments

Sureflex is currently sold under licence by Tilcon (South) Ltd, and can be obtained directly from
any of the Tilcon batching plants. The present product range consists of, Sureflex Hockeystar,
an open textured material. Designed to comply with BS7044 and various governing body
requirements. This product replaces both the traditional asphalt base and shockpad, normally
associated with engineered designed synthetic pitches; showing a 25% saving on the capital cost
of a new pitch. Sureflex Playstar and Sureflex Tennistar are designed as a dense wearing course
or single layer material, replacing traditional 6mm dense or open textured asphalt. The products
are intended for school, municiple and community plavgrounds, footpaths and cycle tracks either
for new build or as an overlay to existing asphalt or concrete surfaces, and when coated with an
acrylic water based paint, Tennis courts. The cost 1s comparable to 6mm dense asphalt when
the increased spread rate is taken into consideration. Sureflex Safestar is designed to comply
with BS7188 for impact severity when installed at the appropriate thickness below play
equipment.

1 Anon “Amificial sports surfaces.” BS7044 BSI, 1990

2 Anon “Play equipment intended for permanent outdoors-” BS56%6.BSI;1986-

3 Nicholl.J.P. “Injuries in sport and exercise - main report.”” The Sports Council, 1993

4 James Marsh DTI

5 Goodbody, J. * Is this the penalty we must pay for a perfect pitch ™ The Times, London. Nov 4th,1996

The Sureflex Technology is Patent Pending, owmed by Sports Advancement and Research Co Lid who reserve the rrghl to change the
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Perf Specification - SUREFLEX Hocl

Introduction

The Sureflex Technology is Patent Pending No.PCT/GB96/01240 and is an Impact Absorbing
Elastomeric Asphalt. Sureflex Hockeystar is designed to replace the traditional combination
of asphalt base and insitu or pre-fabricated rubber resin shockpads, situated below sand filled
or non-sand filled synthetic carpets, associated with synthetic hockey pitches and multi-sport
pitches.

Performance , .
Sureflex Hockeystar (40mm thick) when tested by Materials Science Consuitants using a typical
24mm synthetic carpet and a silica sand compacted to within 2mm of the top of the carpet,
complies with impact, ball bounce and porosity tests required by the following Governing
bodies:-

Current F.I.H. requirements @

1. BS 7044 for impact absorbing surfaces **

it English Hockey Associates #

1. Football League (Winterbottom Enquiry) *

PROPERTY UNITS ACCURACY RESULTS SPECIFICATION VALUES
' ' ()
Hockey Ball rebound (mm) (10) 120 100-350#
(from 1.5m)
Soccer Ball Rebound
(from 3.0m) (%) (0.5) 41% 32-42%
25 - 50%**
Force Reduction (%) (hH 50.5 40-704
50 -75*
Peak Deceleration
from Im Dry (g (10) 142 <200**
Wet  (g) (10) 148 <200%*#
Peak Deceleration
froml5m Dry (g (10) 196 <225*
Wet  (g) (10) 200 <225*
Permeability (Mm/h) 1120 >150@

Pitch Design and Construction

Sureflex Hockeystar in NOT intended to provide the finished surface. Therefore all edges must
be laid up to a concrete or traditional material edge to prevent fretting. Sureflex Hockeystar can
be laid to different thicknesses, but is most cost effective when laid through a pavior at 40mm
directly onto compacted stone foundations. If there 1s a requirement to lay Sureflex Hockevstar
as a wearing course or less than 30mm. It is incumbent on the contractor to advise the supplier
to ensure that the performance requirements can still be achieved. Because Sureflex is elastic,
it will accommodate differential movements caused by thermal expansion or contraction. It can
therefore be laid over existing hard surfaces, where residual cracking has occurred. Sureflex will
follow ground or foundations movements and care should be taken to ensure adequate
foundations are constructed prior to laying.

The Sureflex Technology is Patent Pending, owned by Sports Advancement and Research Co Lid. who reserve the right to change the
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Perf Specifications - SUREFLEX Pl

Introduction

The Sureflex Technology is Patent Pending No.PCT/GB96/01240 and is an Impact Absorbing
Elastomeric Asphalt. Sureflex Playstar is designed as a 25mm thick dense impact absorbing
surface for school, municiple play areas and ball sport areas. Where the enhanced performance
reduces player fatigue and impact damage through falling, but, still retaining ball bounce
commensurate with traditional asphalt surfaces.

Performance
Designed to meet BS7188, where an impact severity index of 1000 from 600mm is required.

Construction

Sureflex Playstar can be laid directly onto a new compacted frost resistant stone base, or on top
of existing surfaces at any thickness over 25mm. If the existing surfaces have suffered from
residual cracking or are broken up, Sureflex Playstar will fill and cover these areas, and retain
its integrity up to a given amount. Being elastic in nature it will follow any further ground or
base movement. Care should therefore be taken to ensure a sound base or foundation. Sureflex
Playstar is a finished surface and as 95% of the compaction is through the paving machine with
rolling giving the final finish. The surface will accept pedestrian traffic immediately it cools to
ambient temperature.

Playground Incidents from Redmile Primar hool
On playground incidents - categories have been determined as either grazes or bumps. The
severity of either is not shown in the incident reports. It is therefore assumed that the children
used their own discretion as to whether or not to report to a teacher.
Periods are October 1995 to February 1996 the play ground surface was dense asphalt.

6mm Dense Asphalt 1995-1996 Sureflex Playstar 1996-1997
Week No Graze Bump Total Week No Graze Bump Total
44-08 200 29 49 44-08- 12 14 . 27

October 1996 to February 1997 SUREFLEX PLAYSTAR was overlaid on the existing asphalt
Sureflex shows a 40% improvement over the same period on grazes and a 45% improvement on
bumps. Comments by the teachers - is that children still fall and most treatment is tender loving
care as opposed to medication, to alleviate the shock of falling, rather than the injuries sustained.
A reasonable conclusion would be the extent of injuries is reduced even more than the figures
suggest.

) The Sureflex Technology is Patent Pending, owned by Sports Advancement and Research Co Lid who reserve the right to change the
specificanions and or design of products without notice. 7 ’
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Calculations based on UNESCO Year Book 1995 giving number of first level schools per
country.

Assumption -

Each school playground is 1000m* and replaced every 20 years. Coverage at 25mm at 30m? per
tonne. An additional 50% is added to accommodate community play areas.

Note:- For Hockeystar the known tonnage 1s 216,000 throughout 9 E.C. Countnies. No specific
split is known. This figure has therefore been approximated to the appropriate Countries.

All figures in tonnes. :

Country Hockeystar Playstar Total I Bitumen Rubber Tyre %
8% 27% Lake Impact
AUSTRALIA ——— 24000 24000 1920 6480 —_— -
BELGIUM 24000 12474 36474 2917 9847 111000 9
DENMARK 24000 7668 31668 2533 8550 — -
FINLAND —_— 12000 12000 960 3240 —_— —_
FRANCE 24000 124968 148968 11917 40221 33m 1.2
GERMANY 24000 116283 140283 11222 37876 300000 12.6
GREECE —_— 22959 22959 1936 6198 1.87m 1033
IRELAND —— 9864 9864 789 2663 — —
ITALY 24000 64134 88134 7050 23796 680000 3.5
MALAYSIA —— 21000 21000 1680 5670 ——eeeee e
NETHER- 24000 25000 48993 3919 13228 42000 31
LANDS
NEW —meeeee 6540 6540 523 1765 ————ee e
ZEALAND '
NORWAY ———— 10056 10056 804 2715 -
PORTUGAL 24000 37416 61416 4913 16582 —— -
SINGAPORE e 609 609 50 164 memenee -
SPAIN 24000 49620 73620 5889 19877 67000 29
SWEDEN  —— 12759 12759 1020 3445 65000 5.3
UK 24000 72000 96000 7680 26000 350000 7.4
TOTALS 216 000 629 350 845 350 66 622 228 317 N/A N/A

Note: Tyre figures courtesy of ETRA

The Sureflex Technology is Patent Pending, owned by Sports Advancement and Research co Ltd. who reseme the right 1o change the
specifications and or design of products without notice.




reflex Pr List - Mav 1997

Commercially in Production Designation

Hockey Pitches Sureflex Hockevstar
Children's Playgrounds Sureflex Playstar
Footpaths etc. Sureflex Playstar
Ball Courts ' Sureflex Playstar
Cycle Tracks Sureflex Playstar
Tennis Courts - Dense and Porus Sureflex Tennistar

Under Development

Light Transit Rail Track, bed/insulator
Equine Surfaces

SAMI-Interface material below wearing
courses in roads where movement occurs
between base and wearing course
Railway Sleeper Bases

Sound Insulations Barriers

Athletics Tracks :

Stud Resistant Golf Course Footpaths
Safety Surfaces

Suggested Applications

Pipeline Insulation

Safety Barriers

Sea Defences

Bollards

Traffic Calming

Pipeline Foundations

Heavy Machinery Foundations
_ Aircraft Runways Landing Zones
i Prefabricated & Insitu Building

Components

Car Park Decks

Screeds

The Sureflex Technology 1s Pateni Pending. owned bv Sports Advancement and Research Co Lid. who reserve the mghi to change the
specificanons and or design of products without nonce 9
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THE USE OF CRUMB RUBBER MODIFIED ASPHALT PRODUCTS
IN SAN DIEGO COUNTY

Crumb rubber products have been used by the San Diego County Department of Public Works for
twenty years. '

The first use was a parking lot crack sealing project constructed in August 1977. This material is still
in place and performing well.

The excellent performance and apparent lack of aging of this material prompted us to try further use
of this material. After observing successes from other public agencies using this product, we began
a chip seal program with a test section in the desert in 1987 and moved into overlays with crumb
rubber modified binder in 1992.

The chip seal test section in the desert is still in service and performing well even in the severe
climate. Some of our overlays that have been down for 4 to 5 years show no reflective cracking.
These overlays are 1-inch thick on residential streets and only a maximum of 2-inches thick on major
roads and haul roads. We have more wet process than dry (rubber added as aggregate).

The 4 attachments summarize the different maintenance uses we have tried for crumb rubber modified
asphalt cement.

Each attachment indicates the following:

The type of maintenance performed.

The types of binders (modifying process).

The types of roads on which the binder was used.
The year we began.

BW

The last attachment gives a summary of the specifications used for each binder type.

San Diego County plans to continue to use crumb rubber modified binders and encourages other
agencies to do the same. ’
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4100 ] REACTION CURVE

<—HA—-000O0N-—<LK

Wet Process

Equivalent DRY Process WET

325°F -Temperature- 375° F

None -Agitation- High

50 seconds -Mixing Time- 3600 seconds

Original
Particle Size
Dry Process - Wet Process

»,

Nominal 30 Sieve (.6 mm) Nominal 16 Sieve (1.18 mm)
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Rubber Aggregate - That portion of the crumb rubber modifier added
to a hot mix asphalt mixture using the dry process which retains

its physical shape and rigidity.

Rubber Modified Hot Mix Asphalt (RUMAC) - A dry process of hot mix
asphalt mixtures which incorporate crumb rubber modifier primarily

as rubber aggregate. '

Shredding - The initial process that reduces the whole scrap tires
into pieces.

Asphalt-Rubber and Aggregate Membrane (ARAM {8AM}) - A surface
treatment using an asphalt rubber spray application and cover

aggregate.

Asphalt-Rubber and Aggregate Membrane Interlayer (ARANMI {8AMI}) -
A membrane beneath an overlay designed to resist the stress/strain
of reflective cracks and delay the propagation of the crack through
the new overlay. The membrane is a spray application of
asphalt-rubber binder and cover aggregate.

Wet Process - Any method that blends crumb rubber modifier with the
asphalt cement prior to incorporating the binder in the asphalt

paving project.

600~-2 CRUMB RUBBER MODIFIED (CRN) B:NDERB AND PAVEMENTS -
WET PROCESS

600-2.1 ASPHALT-RUBBER

600-2.1.1 General. Asphalt-rubber shall consist of a mixture
of paving asphalt and crumb rubber modifier (CRM) and shall conform
to Type A, B, C, or D, or as specified or contained in the Contract

documents.

600-2.1.2 Type A 'Asphalt-Rubber shall be a combination of
whole scrap tire CRM, paving asphalt and diluent (when required for
spray applications) meeting all requirements of Subsection 600-2.

600-2.1.3 Type B Asphalt-Rubber shall be a combination of
whole scrap tire CRM, natural CRM, paving asphalt and asphalt
modifier meeting all requirements of Subsection 600-2.

600-2.1.4 Types C Asphalt-Rubber shall conform to all of the
requirements for Type A Asphalt-Rubber, but may substitute a
maximum of 3 percent (3%) total binder weight of natural rubber in
lieu of any whole scrap tire CRM quantities.

600-2.1.5 Type D. Asphalt-Rubber shall be a combination of
whole scrap tire CRM, natural CRM (slightly less than Type B),
paving asphalt and asphalt modifier conforming to Subsection 600-2.
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State of Calllornia

Businass, Transportation and Housing Ageney

Memorandum

To:

From:

Subject:

ALL DISTRICT DIRECTORS Date : February 28, 1992

Attention District Materials Engineers File:

DEPARTMENT OF TRANSPORTATION
Division of New Technolegy, Materials and Rasearch

DESIGN GUIDE FOR ARHM-GG

our use when considering one type of asphalt concrete containing

reclaimed tire rubber that is eligible for Federal funding on pavement rehabilitation projects. The
Guide contains the procedure we will be using to select asphalt rubber hot mix-gap graded

(ARHM-GG) design thicknesses. ARHM-GG is the only type of rubber modified pavement
addressed herein because it appears to be the most promising of those we have studied. The use of
ARHM-GG as set forth in this Guide should be considered non-experimental. ARHM-GG
pavement designs that do not conform to this Guide should, therefore, be considered as
experimental. Other types of asphalt concrete containing reclaimed tre rubber are also eligible for

Federal funding. However, the data currently available regarding these other mixes is inconclusive.

When data supports their routine use, a design guide will be developed for them.

Attached is a Guide for y

use this Guide. However, it is important to note that this
ested by the results of current and future

ue to construct experimental sections

m Guide. If you have any questios
Van Kirk of my staff at 8-497-2353

FHWA has approved our proposal to
is an Interim Guide and that it will be modified as sugg

research by Caltrans and others.” We must, therefore, contin
based on equivalences other than thos¢ implied by this Interi
regarding the use of this Guide, contact Joe Hannon or Jack

and 8-497-2357 respectively.

The attached specifications should be used for ARHM-GG. If you have any questons
regarding these specifications, please contact Jack.

ARL S
Division of New Technojogy,
Materials and Researc

Attachments T e =

cc: JBednar - FHWA
JTMassucco - FHWA
BManning - LSR
DMayer - OE
KMori - OPPD
TBressette
JHannon
JVanKirk



March 1992

Asphalt Rubber Hot Mix-Gap Graded
Thickness Determination Guide
(Interim)

i
f Procedure:

I 1. Determine the thickness of conventional DGAC required for the
structural needs of the pavement (based on.deflections and structural
section stiffening using current Caltrans procedures).

9. Determine the thickness of conventional DGAC required to retard
{ | reflection cracking (using current Caltrans procedure).

3. Select a DGAC overlay thickness that satisfies the requirements of 1

and 2 above.

Uée either Table 1 or Table 2 to determine the ARHM-GG equivalent
sections, with and/or without SAMIs. Use Table 1 if structural needs
control and Table 2 if reflection crack retardation controls.

5. If the ride score of the pavement to be rehabilitated is greater than
the allowable maximum and there is no structural need per 1 above,

select one of the following:

a) Place two 0.10' thick lifts of ARHM-GG or

b) Cold plane to a depth of 0.10', then place ARHM-GG as
determined per Steps 1 thru 4 above.




-

4 Table 1
Structural Equivalencies
THICKNESS (ft.)
DGAC ARHM-GG! ARHM-GG on a SAMI
0.15 0.102 -
0.20 - . 0.10 -
0.25 0.15 0.10
0.30 0.15 0.10
0.35 0.20 015
0.40 0.20 0.15
0.45 0.153 0.20
0.50 0.154 . 0.20
0.55 0.203 0.153
" 0.60 0.204 0.154
Notes: . : .

1. The maximum allowable non-experimental equivalency for ARHM-GG is 2:1. .

2. The minimum allowable ARHM-GG lift thickness is 0.10".

3. Place 0.15 of new DGAC first.

4. Place 020" of new DGAC first.

5. ARHM-GG may not prevent cold weather induced transverse cracks.

, ‘Table 2 ,
Reflection Crack Retardation Equivalencies
. THICKNESS (ft.)
DGAC ARHM-GG ARBEM-GG on a SAMI
0.15 0.10! -
0.20 0.10 ' -
0.25 0.15 -
0.30 0.15 -
0.352 0.15 or 0.203 0.10%
Notes:

1. The minimum allowable ARHM-GG lift thickness is 0.10".
2. A DGAC.thickness of 0.35" is the maximum thickness recommended by Cal

 retardation.
3 Use 0.15 if the crack width is <1/8" and 0.20 if the crack width is 21/8".

4. Use if the crack width is 21/8". If <1/8", use another strategy.

rans for reflection crack

5. ARHM-GG may not prevent cold weather induced transverse cracks.
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December 10, 1996 Construction Division

ansiny

LIST OF COMPLETED PROJECTS FOR 1996
WITH ASPHALT RUBBERIZED HOT MIX (ARHM)

i JOBNUMBER CCNO.  PROJECT NAME UNIT QUANTITY
R3127274 7274 50th Street East Ton 1,194.58
R3127273 7273 90th Street East, et al Ton 5,589.98
R3127216 - 7216 Calobar Avenue, et al Ton 3,177.64
{ R3127215 7215 Carolina Place, et al Ton 2,835.92
X2406474 6474 Del Amo | Ton 5,692.00
X2407177 7177 El Segundo Boulevard Ton 2,825.50
- X2106016 6016 Lark Ellen Avenue | Ton ’ 478.00
X2506807 6807 Las Tunas Drive Ton 3,220.00
R3127327 7327 Light Street, et al Ton 5,688.00
X2408580 8580 Studebaker Road, et al Ton 2,447.80
X2108003 8003 Temple Avenue Ton 3.050.44

Total = 6.199.87




Required: 4" AC overlay or 2" ARHM

Quantities for a 12' lane:

2" ARHM = 1' X 2"/12" X 12' X 145 lbs/SF = 290 lbs/1lin ft
4" AC = 1" X 4"/12" X 12' X 145 lbs/SF = 580 lbs/1lin ft
2" ARHM = 0.145 Tons/ft of 12' wide lane
4" AC = 0.290 Tons/ft of 12' wide lane

1 mile = 5280

5280 X 0.145 = 765 Tons/lane mile ARHM

5280 X 0.290 1530 Tons/lane mile AC
ARHM = $45 per Ton

AC = $30 per Ton

765 X $45 X 2 = $68,850 ARHM/mile
1530 X $30 X 2 = $91,800 AC /mile

Pavement prep for AC = $6,336/mile (L.A. County average)

$91,800
+ 6,336
=68,850

Savings per mile = $29,286




ASPHALT RUBBER
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CRUMB RUBBER CONFERENCE
MONTEREY, CALIFORNIA -

MAY 23, 1997,
| ‘

GREETING:
Welcome, Ladies'and Gentlemen. My naﬁe'is'DaQe étrassman
from:D.R.é., ijited. of Madison, WiSConSin. ’The city of
Madiscn has beeh recently voted the #1 city of the cc"ntr"
in which to ijve. And, of course,'Wisconsin is home to

,thefsdperbowl Champion Green Bay Packers.

¢

WINTER PAVING - Sllde 1

Temperature varlatlons prov1de unlque challenges to the

paving'industry in Wisconsin and the upper,m1dwestgversus"

Callfornla ahd areas of the country that do not experlence
harsh w1nter weather conditions. We typ1cally have 20 25
freeze/thaw cycles dur1ng a w1nter season.

These constant changes requxre that asphalt is flex1ble,
yet stable. U31ng»crumb rubber and f1ber as addltlves in
asphalt 1mproves both of these qualltles. _Flow-rates are.

30-35% greater whlle.stablllty 1s'30% greater,~.

_ - .2534 S. Fish Hatchery Rd. Madison, WI 53711 =/
' ' (RNR) 574.4079




'~ DRY RUBBER PROCESS
We havelbeen using rubber as An.aggregate in asphalt

since 1991. This is referred to as the "dry rubber

-

process". We purchased cfgmb'rubber from outside
‘;uppliers until 1995,~when wé developed Qur own
grinding system. We now contract with local cap
shops to pick up their wasteitire,buffihgs. We
- processed and'incorporated into asphalt more than-

500,000 1bs: of rubber in 1996.

-

PLANT INPUT - Bin Slides
The crumb.rubber.js held in a modified grain bin
and is moved by an .auger to a weigh hopper before

| it is added éo the asphalt mix. The fibe}, after
being weighéd, is blown directly into tﬁe pug,mjli

- " by a modified insulation blower, in the dry cycle.

The introduction_of fhe rubber and.fiber,~as well'
as the other aggnegates, is faCilitafed by a
cpmp&fer-¢;nirplled bitéhing pr@césst' This,ihsﬁrqs

o 2 a cohs;égeht mik de;ign.ahd.ﬂécﬁmenié'the batches.

\



CRUSHING RECYCLED MATERIAL
In addition to increased flexibility and stabilify,
pubbefized aséh#lt.isign?ironmgntall&—friehdly in
that~it makes use of waste tires and fiber produéts.
The asph?it itself is.also’recyqlabde. Using a
cruéher, the asphalt -slabs afe ground into a fine

I¥ aggregaie 1ia

f

material which can again bhe used as-

asphalt, or as a base material for paving projects.

APPLICATIONS FOR RUBBERIZED »ASP.HA‘LT

. The rubberized asphalt mix that we have designed has
been used on Class A HﬁghwaySain Dane and Oﬁtagamie -
'countiés in Wisconsin. Other uses include'airport
runways (Blackhawk Airfield) and heévy industrial -
‘including projecfglforhuafsﬁall Erdmaﬁn'Co. and
Waste Managément. The extendéd life of asphalt is
important in épmmercial applications where;doyhtime'
‘must belminimized. "We have also used rubberizéd_
asphdit'op farm drives jmappihg‘cracks)‘and rﬁhﬂing
tracks (desfgn"changes); We e;en'used this mix af a

golf:course on cart paths, laying the asphalt on a

'di:t_base, as oppdsed to the conventional gravel base.




T WHAT'S.REWAFOR 1997

Rubberized mix workg be;ufifully for texturea asphalt

i | such as StreetPrint. The hothsphalt (160 dégrees)z

is impfinted to iook like brick.. Using an infrared

o ) hea}ing'unit, this process may also be berformed'on

{ .existing‘asphalt. After imprinting, the sur}ace is
tfeated‘with a cement-re;ﬁforced acpylip colior coat,

" An optiﬁn toAthe’cblor coafingtis to sandblast
" “the imprinted surface, which exposes the aggregafe.

This is a no-maintenance alternative which is about

one-third of the cost of the acrylic coating.

- 'CLOSING:
Rubberized aspha}t works, it is fug, and it is easy.

Thank you, everyone, for your time and I wish you'

all success using crumb rubber.
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CALTRANS PAVEMENT REHABILITATION USING
RUBBERIZED ASPHALT CONCRETE

by
Jack L. Van Kirk
Senior Materials and Research Engineer

ABSTRACT

Caltrans has considerable experience with the use of recycled rubber in
asphalt concrete (AC). This experience began in 1978 and has continued to the
present. The experience to date has shown that the use of rubber in asphalt
concrete can be cost effective.

On the early projects, Caltrans compared equal thicknesses of rubberized
asphalt concrete (RAC) to conventional AC. The RAC has outperformed the
conventional mixes on these projects and most of these projects are still in
service. In 1983, a project was constructed using reduced thickness RAC (as
compared to the design thickness for the conventional AC). This project has
shown that thinner sections of RAC can outperform thicker sections of
conventional AC.

In February 1992, Caltrans developed an Interim Design Guide for RAC. This
design guide, which was approved by FHWA, allows routine usage of RAC as an
approved rehabilitation strategy for pavements in California. Since this guide
was approved, the use of RAC has significantly increased in California.
However, in 1993 and 1994, there were complaints of illness by workers on
Caltrans projects.. Caltrans has conducted air emissions testing on over 15
projects beginning in 1993. Testing to date has shown that acceptable worker
exposure levels have not been exceeded on these projects. Caltrans is working
with industry via a permanent standing committee to improve and refine the
RAC specifications.




INTRODUCTION

The California Department of Transportation (Caltrans) has been using
rubber-modified asphalt concrete or rubberized asphalt concrete (RAC) for over
19 years. The first project using RAC was constructed in 1978 and since then
Caltrans has had considerable experience with RAC. This experience has not
only included field trials of RAC, but it also has included research in the
laboratory. Caltrans has constructed over 130 rehabilitation (overlay) projects
using RAC overlays. These projects have included different types of rubber
modification. All but three projects utilized recycled granulated tire rubber.
There were seven projects that used a dry process, where the recycled rubber is
added to the aggregate before the asphalt is added. All other projects used a
wet process, where the recycled rubber is first blended and reacted with the
asphalt, to form asphalt-rubber binder, before being added to the aggregate.
This wet process has proved to be the most cost effective use of recycled rubber
in asphalt concrete.

Overall, Caltrans rehabilitation program has proved quite successful.
However, in the snow regions where tire chains are used, the design life was
not being achieved when using conventional dense graded asphalt concrete
(DGAC), thereby resulting in increased maintenance costs. In 1978, in its
quest to find a more durable mix for the snow region, Caltrans began
experimenting with RAC mixes. Later laboratory research indicated that RAC
mixes were more abrasion resistant when compared to conventional DGAC.
Field permeability testing also showed that RAC mixes had extremely low
permeabilities. It was felt that these low permeabilities would reduce the
infiltration of water into the mat and therefore cut down on the freeze-thaw
damage. The low permeabilities should also reduce oxidation and thereby
lower the aging rate. Because of the success in the snow region Caltrans began
to broaden its use of RAC mixes.

BACKGROUND

On the RAC projects constructed by Caltrans prior to 1983, the RAC was
compared to equal thicknesses of conventional DGAC. However, in 1983 a
project was constructed (on RT. 395 in northeastern California) using various
overlay strategies including three test sections of reduced thickness RAC (when
compared to the conventional DGAC overlay design thickness). Also placed on
the project were various thicknesses of conventional DGAC. This project,
though not realized at the time, later became the turning point for Caltrans
rehabilitation strategies involving RAC mixes. For awhile after 1983, Caltrans
continued to construct and compare equal thicknesses of RAC and
conventional DGAC on other projects, while reviewing and accumulating data




overlays of RAC, when compared to conventional DGAC, could provide a longer
service life at a reduced cost. At this point in time, Caltrans strategy for RAC
test section overlays changed. It was decided that all subsequent projects if
appropriate would involve RAC overlays that were thinner than those required
if conventional DGAC were used. Projects utilizing reduced thicknesses
continued until 1992. At that time the use of reduced thickness RAC became a
routine strategy in the Caltrans rehabilitation program.

\
I

TYPES OF RAC USED BY CALTRANS

Caltrans rehabilitation projects using RAC overlays have included rubber
modified: dense graded asphalt concrete (DGAC), open graded asphalt concrete
(OGAC), gap graded asphalt concrete (GGAC), and an Arizona-type, three-layer
system. These overlays have been placed over flexible pavement (AC) as well as
rigid pavement (PCC). On these projects, six different types of RAC have been
used: devulcanized reclaimed rubber has been added using a dry process to
conventional DGAC mix; vulcanized reclaimed tire rubber has been added
using a dry process to a gap-graded aggregate and conventional asphalt; and
vulcanized reclaimed tire rubber has been preblended with a conventional
asphalt to form asphalt-rubber binder (wet process) which was then added to a
dense graded, open graded or gap graded aggregate; or the binder was used
with a pre-coated chip as a stress absorbing membrane interlayer (SAM]) in an
Arizona-type, three-layer system. SAMIs also have been used with other RAC
mixes. Currently, Caltrans uses predominantly gap graded RAC mixes in their
rehabilitation program.

OVERLAY DESIGN

Caltrans uses a deflection-based design procedure for rehabilitation of
flexible pavements. This procedure is also used for RAC overlays. On the early
RAC projects, the RAC overlay design thickness was the same as that provided
from the deflection study for conventional DGAC. The design life normally used
is ten years, and during this time only minor maintenance is expected.

In 1992, Caltrans presented a proposal to the Federal Highway
Administration (FHWA) to allow the use of reduced thickness RAC overlays as
an approved strategy on federally funded rehabilitation projects. This proposal
was approved based primarily on the successful field experience of reduced
thickness RAC projects. At that time an Interim Thickness Determination




Guide for asphalt-rubber hot mix-gap graded (attached as Appendix A) was
developed and also approved by the FHWA. This guide is considered an interim
guide because it will be modified as suggested by the results of current and
future research by Caltrans and others.

A different approach is used for PCC pavement rehabilitation involving
DGAC overlays. In order to try and obtain the desired ten year design life, the
“early approach (prior to 1982) was to place a DGAC overlay 75 mm to 150 mm
in thickness depending on the condition of the existing PCC pavement.
However, the 10-year design life was not being achieved. After 1983, this
strategy changed. PCC pavements are now cracked and seated, a leveling
course of DGAC is placed, a pavement reinforcing fabric (PRF) is placed, and
finally the pavement is overlayed with DGAC 75 mm thick placed in two lifts.
This same approach is used for RAC overlays over PCC pavements. However,
the PRF is replaced with a SAMI and the 75 mm thick DGAC is replaced with a
45 mm thick RAC overlay. This is referred to as an Arizona-type, three layer

system. The RAC is usually a gap-graded or open graded mix.

MIX DESIGN

The Hveem mix design is used by Caltrans for all RAC mixes with a few
minor changes. The mix and compaction temperature is increased. The
required aggregate temperature is between 149 C -and 163 C. The required
compaction temperature for the combined mix is between 144 C and 149 C.
The Hveem stability requirement is lowered to a minimum value of 23. .The
asphalt-rubber binder which is supplied by the contractor is added to
aggregate meeting the same grading and quality requirements used for
conventional DGAC. The binder content for open and dense graded RAC mixes
is normally about 20% higher than that for the conventional DGAC mixes and
the binder content for gap-graded mixes is normally about 40% higher than
that for the conventional DGAC mixes.

COST ANALYSIS

The cost of asphalt-rubber binder is about two and one-half times the
cost of conventional asphalt. This increases the cost per ton of RAC by about
30%-40% over that of conventional DGAC. Most of the RAC projects
constructed by Caltrans in the past have involved fairly low tonnages of RAC
and, as a result, the cost for the asphalt-rubber binder has been relatively
high. However, after Caltrans began using RAC routinely, there was a

significant reduction in the cost of asphalt-rubber binder. Caltrans experience




has shown that RAC overlays are cost effective when used in reduced
thicknesses (when compared to conventional DGAC).

CONSTRUCTION

The construction of the Caltrans RAC overlays has been very similar to
that of conventional AC overlays, although there are a few important
differences. First, the mix must be placed at a higher temperature, preferably
in a range between 149 °C and 163 °C. Raking should be completed before the
mix drops below 144 C. As the mix cools, it becomes stiffer and raking
becomes very difficult. Breakdown rolling should be completed before the mix
drops below 144 C. If the mix is compacted at 144 C or above, excellent
relative compaction has usually been achieved quite easily. Values of 96% to
98% relative compaction (compared to a laboratory compacted briquette) are
quite common for dense graded RAC. However, compaction of gap-graded RAC
has been more difficult because the mix cools faster than conventional DGAC.
If proper temperatures are used, adequate compaction can be achieved.

RAC EXPERIENCE

Caltrans has used RAC mixes in many parts of the state and in different
climate regions. Many of the early projects were placed to resolve specific
problems such as abrasion resistance, OGAC night placement, thin flexible
bridge overlays, and desert AC pavement rehabilitation. Generally, control
sections containing conventional DGAC were placed on the early projects so
that direct comparisons could be made. '

RAC mixes have been used on bridge decks, roadside rests, parking lots,
and low, medium and high volume roadways. Over the years RAC mixes have
proved to provide cost effective performance in all regions of the State.

AIR EMISSIONS PROBLEMS ON RAC PROJECTS

In 1993, there were a number of RAC projects where workers complained
of illness while working on the job. Since 1993, Caltrans has collected
industrial hygiene data on more than 15 RAC paving projects. This data was
collected through the paving contractors to-evaluate the health and safety risks
of the product. Personal air sampling pumps were worn by individuals (1)
dumping the hot mix in front of the paver and (2) on the paver screed. Air
samples for asphalt rubber fume measurements were taken at the rear of the
paver near the screed and just above the paver auger. These were considered
to be worst case (highest concentration) locations. The collected data indicates




that employee exposures during paving are below Cal-OSHA allowable limits.
Based on these results, exposure to RAC fumes would not pose a long term or
chronic health risk. However, based on incidents of health complaints from the
past paving season, short term or acute health effects still can occur. These
complaints appear to be related to a combination of the amount of asphalt
fume (smoke) generated by the paving operation and personal sensitivities to
that smoke. Since it was concluded that there is a direct relationship between
mix temperature, smoke and complaints, in January 1994, RAC specifications
were changed to lower mix temperatures (from 177 C to 163 C measured at the
plant). As a result of this change, there were no reported complaints in 1995.
However, health complaints were again reported in the 1996 paving season.
As a result of these complaints,  further research. will. be conducted to
determine the cause of the complaints.

SUMMARY

Caltrans has had considerable experience with RAC mixes. From this
experience, it has been learned that when compared to conventional DGAC,
RAC can tolerate higher deflections. RAC mixes have shown that they can
outperform substantially greater thicknesses of conventional DGAC. They can
exhibit lower permeabilities which in turn decreases oxidation and aging. They
have also proven to be more abrasion resistant in the snow regions and when
distress does develop it progresses at a much slower rate. All these desirable
qualities that RAC mixes possess lead to decreased maintenance costs and
ultimately loweriannual equivalent costs:

However, if health complaints continue on future projects the use of RAC
will be jeopardized. Even though it has been shown that the use of RAC mixes
do not pose a chronic health hazard, research on the cause of these
complaints will continue until they have been resolved.

At this time, Caltrans believes rubber modified asphalt concrete mixes
will probably play a major role in the rehabilitation of rigid and flexible
pavements in the future. The role that RAC mixes will play depends on their
performance on recently completed projects and projects to be constructed in
the next few years. If reduced thickness RAC continues to show the success
that has been demonstrated on earlier projects and the health complaints are
eliminated, there will be a definite increase in the usage of the product.




DISCLAIMER

The contents of this paper do not necessarily reflect the official views or
policies of either the Federal Highway Administration or the State of California.
They reflect the views of the author, who is responsible for the facts and
accuracy of the data presented herein. Also, neither the State of California nor
the United States Government endorse products or manufacturers. Trade and
manufacturers names are presented herein because they are considered

essential to the Ob_]CCtl.VC of this paper.
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’ APPENDIX A

Asphalt Rubber Hot Mix-Gap Graded
i Thickness Determination Guide
(Interim)

Procedure:

1. Determine the thickness of conventional DGAC required for the
1 structural needs of the pavement (based on deflections and structural
section stiffening using current Caltrans procedures).

2. Determine the thickness of conventional DGAC required to retard
reflection cracking (using current Caltrans procedure).

3. Select a DGAC overlay thickness that satisfies the requirements of 1
and 2 above.

4. Use either Table 1 or Table 2 to determine the ARHM-GG equivalent
sections, with and/or without SAMIs. Use Table 1 if structural needs
control and Table 2 if reflecHon crack retardation controls.

S. If the ride score of the pavement to be rehabilitated is greater than
the allowable maximum and there is no structural need per 1 above,
select one of the following:

a) Place two 0.10' thick lifts of ARHM-GG or

b) Cold plane to a depth of 0.10', then place ARHM-GG as
determined per Steps 1 thru 4 above. :




! ) Table 1

Structural Equivalencies .

! THICENESS (ft.)

DGAC ARBM-GG! AREM-GG ona SAMI

0.15 0.102 .

0.20 0.10 -

0.25 0.15 0.10

0.30 0.15 0.10

0.35 0.20 0.15

0.40 0.20 : 0.15

0.45 0.153 0.20

0.50 : 0.154 : . 0.20

0.55 ' 0208 0.153

0.60 0.20% 0.15¢

Notes:
1. The maximum allowable non-experimental equivalency for ARHM-GG is 2:1. -

2. The minimum allowable ARHM-GG lift thickness is 0.10".
3. Place 0.15 of new DGAC first. ‘
4. Place 020" of new DGAC first
5. ARHM-GG may not prevent cold weather indnced transverse cracks.
' Table 2
Reflection Crack Retardation Equivalencies
THICENESS (ft.)
DGAC AREM-GG ARHEM-GG ona SAMI

0.15 0.101 -

0.20 0.10 -

0.25 0.15 -

0.30 0.15 -

0.352 0.15 or 0.208 : 0.10+

Notes:

1. The minimum allowable ARHM-GG lift thickness is 0.10'.
2. A DGAC: thickness of 0.35 is the maximum thickness recommended by Caltrans for reflection crack

recrdation.
Use 0.15 if the crack width is <1/8" and 0.20 if the crack width is >1/8".

4. Use if the crack width is >1/8". If <1/8", use another smategy.
- 5. ARHM-GG may not prevent cold weather induced transverse cracks.
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AN OVERVIEW OF
CALTRANS EXPERIENCE WITH
RUBBERIZED ASPHALT CONCRETE

by
Jack L. Van Kirk
" Senior Materials & Research Engineer

ABSTRACT

Caltrans has considerable experience with the use of rubber in dense graded
asphalt concrete hot mix (DGAC). This experience began in 1978 and has
continued to the present. The experience to date has indicated that the use
of rubber in asphalt concrete can be cost-effective.

On the early projects, Caltrans compared equal thickness of rubberized
asphalt concrete (RAC) to conventional DGAC. The RAC has outperformed
the conventional mixes on these projects, but the question of cost-
effectiveness is difficult to answer since most of the projects are still in
service. In 1983, a project was constructed using reduced thickness RAC
(as compared to the design thickness for the conventional DGAC). This
project, which is still being evaluated, has shown that thinner sections of
RAC can outperform thicker sections of conventional DGAC. But the
question that remains is what reduction in thickness can be made and still
provide the desired service (design) life.

Caltrans is presently working with the Federal Highway Administration
(FHWA) to remove the experimental classification for one type of RAC when
used for mitigation of reflective cracking. However, further research is
necessary to determine the structural equivalency for RAC.

Caltrans will continue to construct additional projects which will compare
reduced thickness RAC to conventional DGAC. These projects are expected
to provide field data in the near future to help determine what reduction in
thickness is appropriate when using RAC. An increase in the use of RAC is
anticipated in the near future. However, once the structural equivalency of
RAC is determined, more widespread usage is expected.
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The California Department of Transportation (Caltrans) has been using
rubber-modified asphalt concrete (RAC) for more than ten years. The first
project using RAC was constructed in 1978 and since then Caltrans has had
considerable experience with RAC. This experience has not only included
field trials of RAC, but it has also included research in the laboratory (1).
Caltrans has constructed more than 20 rehabilitation (overlay) projects using
RAC overlays. These overlays have included various types of asphalt concrete

(AC). '

Overall Caltrans rehabilitation program has proved quite successful.
However, in the snow regions where tire chains are used, the design life was
often not being achieved when using conventional DGAC, thereby resulting
in increased maintenance costs. In 1978, in its quest to find a more durable
mix for the snow region, Caltrans began experimenting with RAC mixes.
Later laboratory research (1.,2,3) indicated-that RAC mixes were more
abrasion resistant when compared to conventional DGAC. Field permeability
testing (3) also showed that RAC mixes have extremely low permeabilities.
It was felt that these low permeabilities would reduce the infiltration of
water into the mat and therefore cut down on the freeze-thaw damage. The
low permeabilities should also reduce oxidation and thereby lower the aging
rate. Because of the success in the snow region, Caltrans began to broaden

its use of RAC mixes.

BACKGROUND

On the RAC projects constructed by Caltrans prior to 1983, the RAC was
compared to equal thicknesses of conventional DGAC. However, in 19883, a
project was constructed (on Route 395 in northeastern California) using
various overlay strategies including test sections of reduced thickness RAC
(when compared to the conventional DGAC overlay design thickness). Also
placed on the project were various thicknesses of conventional DGAC. This
project, though not realized at the time, later became. the. turning point for
Caltrans rehabilitation strategies involving RAC mixes. For awhile after
1983, Caltrans continued to construct and compare equal thicknesses of
RAC and conventional DGAC on other projects, while reviewing and
accumulating data on the Route 395 project. By 1987, it became evident
that substantially thinner overlays of RAC, when compared to conventional
DGAC, could provide a longer service life at a reduced cost. At this point in
time, Caltrans strategy for RAC test section overlays changed. It was
decided that all subsequent projects, if appropriate, would involve RAC
overlays that were thinner than those required if conventional DGAC were
used. These studies will continue until the necessary data are obtained to
determine what reduction in overlay thickness is appropriate if RAC'is used.
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OF RAC USED BY CALTRANS

Caltrans has constructed 24 rehabilitation projects using RAC overlays.
These projects are listed in Table 1. These projects have included rubber
modified: dense graded asphalt concrete (DGAC), open graded asphalt
concrete (OGAC), gap graded asphalt concrete (GGAC), and an Arizona-type,
three-layer system. These overlays have been placed over flexible pavement
(AC) as well as rigid pavement (PCC). On these projects, six different types
ef RAC have been used: Devulcanized reclaimed rubber (Flomix or Ramflex)
has been added to conventional DGAC mix; vulcanized reclaimed rubber has
been added to a gap-graded aggregate and conventional asphalt (PlusRide - a
patented mix), and vulcanized reclaimed rubber has been preblended with a
conventional asphalt to form asphalt-rubber binder (Arm-R-Shield or
Overflex - patented binders), which was then added to a dense graded, open
graded or gap graded aggregate (known as asphalt-rubber hot mix gap
graded, ARHM-GG) or the binder was used with a pre-coated chip as a stress
absorbing membrane interlayer (SAMI) in an Arizona-type, three-layer
system. SAMIs also have been used with other RAC mixes.

OVERLAY DESIGN

Caltrans uses a deflection-based design procedure for rehabilitation of
flexible pavements. This procedure is also used for RAC overlays. .On the
early RAC projects, the RAC overlay design thickness was the same as that
provided from the deflection study for conventional DGAC. Now Caltrans is
experimenting with reduced thickness RAC overlays (as compared to the
conventional AC design thickness). The design life normally used is ten

years, and during this time only minor maintenance is expected.

A different approach is used for PCC pavement rehabilitation involving DGAC
overlays. In order to try and obtain the desired ten-year design life, the
early approach (prior to 1982) was to place a DGAC overlay 0.25 to 0.50 foot
in thickness depending on the condition of the existing PCC pavement.
However, the ten-year design life was not being achieved. After 1983, this
strategy changed. PCC pavements are now cracked and seated, a leveling
course of DGAC is placed, a pavement reinforcing fabric (PRF) is placed. and
finally the pavement is overlayed with DGAC 0.25 thick placed in two lifts.

- . This same approach is used for RAC overlays over PCC pavements. The RAC

would replace the DGAC overlay over the PRF. In this particular case, the
RAC thickness would be reduced.

MIX DESIGN

The Hveern mix design is used by Caltrans for all RAC mixes with a few
minor changes. The mix and compaction temperature is increased from
230°F to 300°F and the Hveem stability requirement is waived. However,
stability is still considered during mix design for DGAC mixes utilizing
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TABLE 1

RUBBERIZED ASPHALT CONCRETE
PROJECTS PLACED IN CALIFORNIA

' - DISTRICT
- 1 PROJECT CUMATIC3| CONST. COUNTY POSTMILE STRUCTURAL! AADT2
é REGION | DATE ROUTE UMITS SECTION (FT) % TRUCKS)
|+ | meyers - s 1978 03-Ed-50 | 72.45/72.50 | 0.20 Flo 17.300 (3.1)
i l 2. | Strawberry S 1980 03-ED-50 52.2/66.5 | 0.10 ARC/0.20 AC/PRF 12,100 (3.1)
{ r 3. { Donner Summit S 1980 03-Nev-80 5.16/5.59 0.20 ARC/0.40 AC 26,500 (9.0
! I 4. | Donner Lake S 1981 | 03-Mev-80 7.3/8.8__ | 0.20 ARC/PRFILEV 26.500 (9.0)
‘ . 0.10 & 0.20 ARC/0.10
5. | Boca S 1982 03-Nev-80 23.8/24.8 | OGAC(R) 21,400 (16.1)
] 6. | L8o/Rt 20 Jet. S 1982 03-Nev-20 44.1/44.3 0.08 OGAC (R) 2,700 (8.0
" 7. | Ravendale S 1983 '|{ 02-Las-395 | 92.0/101.4 | 0.15 ARC & Plus - 1,200 (22.3)
0.15& 025 ARC &
_ Plus/SAMI (R)
8. | Cottax s | 184 | o3-piaso 35.0/36.9 | 0.15 ARC/PRFLEV 25,500 (14.2)
8. | Flouriston S 1984 03-NEV-80 23.5/28.0 0.25 RAM/PRFAEV 21,400 (16.1)
10. | Monte Vista S 1984 03-PLA-80 42,9/45.7 | 0.25 RAM/PRFAEV 25,500 (14.2)
11. | So. Lake Tahoe S 1985 03-ED-89 8.6/10.0 | 0.17 ARC/PRF/LEV 17,800 (4.1)
1 0.10 OGAC/SAMI (R)/0.10
12. | Pittsburg c 1985 04-CC4 16.8/18.8 | oGAC 90,000 (5.7)
13. | White Cloud S 1986 03-NEV-20 28.3/29.2 {0.10 Plus 2.700 (8.8)
a t4. | Hayward C 1986 04-Al2-880 13.715.0 0.08 OGAC (R) 175,000 (8.2)
H 75. | Exhom RSR4 v 1987 03-Sac-5 34.0 0.10 ARC N/A
1987-
E 16. | Ludlow D 88 08-SBd-40 80.4/140.0 | 0.20 & 0.30ARC & Plus 11,200 (51.9)
0.20 & 0.30ARC &
17. | Goldrun S 1988 03-Pla-80 38.3/42.9 | Plus/PRF/LEV 25,500 (14.2)
| 18. | San Francisco C 1988 04-SF-101 0.073.0 0.08 OGAC (R) 260.000 (4.1)
mﬁ. Pit River Bridge Vv 1989 02-Sha-5 28.1/28.8 | 0.10 ARC 17,000 (28.9)
g 20. | Antler Undercrossing \' 1889 02-Sha-5 41.05 0.10 ARC 15,400 (31.9)
gzr. Chico v 1950 | 03-But32 | 18.58r18.71 | 0.10 ARHMGG 1,500 (11.8)
22. { Tulelake S 1991 02-Mod-139 41.1/50.5 | 0.15 & 0.25 ARC/SAMI(R) 3,100 {13.6)
H 23. | Running Springs S 1991 08-SBd-18 31.6/36.7 | 0.25 ARC & 0.20 ARHM-GG 8.000 (11.3
’j 24. | Los Banos v 1981 10-Mer-5 3.03/3.50 ] 0.10 OGAC/SAMIRILEV 24,700 (29.8)
Botes: , . ARHM-GG = Asphalt-Rubber Hot Mix Gap Graded
1. FLO = Fiomix AC = Asphalt Concrete
ARC-= Asphalt-Rubber Concrete
PRF = Pavemant Reinforcing Fabric . AADTa=A Annual Daily Trafficin 1990. ~
LEV = Conventional DGAC Leviing Courss 2 verage Annual Daly
OGAC (R) = Open Graded Asphalt Concrete using - 3. S = Snow Region - Tire Chains Used
Asphalt-Rubber Binder. C = Coastal Region '
Plus = PlusRide ) V = Valley Region
SAMI (R) = Stress Abscrbing Membrane Interlayer D = Desert Region
using Asphalt-Rubber Binder,
RAM « Ramflex . 4. RSR = Roadside Rest.
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.-a‘éphalt-rubber. with a lower value of around 20 being a target minimum.

Void content and flushing on the surface of the fabricated briquettes are the
primary concerns for mix design. The Caltrans 3/4 inch maximum,
medium, Type B, grading is normally used for the dense graded RAC test
sections. The binder content for open and dense graded RAC mixes is
usually about 20% higher than that for the conventional DGAC mixes. The
binder content for gap-graded RAC mixes .can be even higher, around 40%
‘higher than that for the conventional DGAC mixes. The void content now
used in the design for RAC mixes usually runs between 3.0 to 4.0% based on
a calculated theoretical maximum density. For gap graded mixes using
“asphalt-rubber binder, the optimum asphalt content is determined strictly

on void content.

OST ANALYSI

The cost per ton of RAC, depending on the type, runs 40% to 100% over
that of conventional DGAC. Most of the RAC projects constructed by Caltrans
in the past have involved fairly low tonnages of RAC and, as a result, the cost
has been relatively high. It is believed that as the use of RAC increases, a
reduction in cost will be realized. However, even at the higher cost, RAC
can be cost effective if proportionally reduced thicknesses (when compared
to conventional DGAC) will provide the desired service life.

CONSTRUCTION

The construction of RAC overlays by Caltrans has been similar to that of
conventional AC overlays, although there are a few important differences.
First, these mixes must be placed at a higher temperature, preferably in a
range between 300°F and 325°F. Raking should be completed before the
mix temperature drops below 290°F. As the mix cools, it becomes stiffer
and raking becomes very difficult. Pneumatic tired rollers should not be
used to compact RAC mixes because the pneumatic tires stick to the rubber
particles in the surface of the matt and tear it up during rolling. Breakdown
rolling should be completed before the mix drops below 290°F. If the mix is
compacted at 290°F or above, excellent relative compaction has usually been
achieved quite easily. Values of 96% to 98% relative compaction (compared
to a laboratory compacted briquette} are quite common.

RAC LICENSE AND PATENT CHANGES

Over the years, there have been some major and minor changes concerning
the ownership and use of the various RAC products. In the late 1970's,
Flomix (produced and sold by U.S. Rubber Reclaiming, Inc.) was changed,
reportedly in name only, to Ramflex. Ramflex was not only used as a dry
rubber additive to conventional DGAC, but it was also reportedly used in the
patented, asphalt-rubber binder, Arm-R-Shield, sold by Arizona Refining
Company. In the middle 1980's, Caltrans was told that Arizona Refining did
not use Ramflex and had not been using it since 1980, even though Arizona
Refining had promoted their binder as being superior to Overflex (the
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patented asphalt-rubber binder sold by Crafco) because Arm-R-Shield
utilized devulcanized rubber. There was concern at that time whether or
not the formula had actually changed and whether the performance would
also change. U.S. Rubber Reclaiming was sold a few years ago and Ramflex is
no longer available.

In 1984, International Surfacing Inc. (ISI) came into existence under Crafco
Inc. They (ISI) marketed strictly the Overflex binder. The next year, 1985,
Arizona Refining was sold to Edgington Oil, who in turn sold the patents for
Arm-R-Shield to Crafco. Crafco then owned all the patents for asphalt-
rubber binder. This concerned Caltrans because of the elimination of
competitive bidding. Crafco became aware that this created a problem for
future asphalt-rubber usage so, in 1986, Crafco made arrangements with at
least three other companies in the western United States to market the
Arm-R-Shield binder. Manhole Adjusting Inc. (MA) was the company chosen
to market this binder in California. " Prior to 1988, their (MA) involvement
was strictly with seal coats. For the last four years, MA has been using Arm-
R-Shield in a relatively new RAC mix. It is an asphalt-rubber hot mix using a
gap grading for the aggregate (ARHM-GG). ISI has also been marketing this
type of mix using the Overflex binder.

In 1982 PlusRide Inc., who was licensed to sell PlusRide in the U.S.A., was
sold to Pavetech Inc. (a group of investors) and the product was sold under
the All Seasons Surfacing Company name. In recent years, Pavetech
purchased the patent for PlusRide and has been marketing it under the
Pavetech name.

With all the changes mentioned above, Caltrans has been concerned as to
what effect these changes have had on the products themselves. The main
concern today involves the difference in the two asphalt-rubber binders. In
most of the early projects (Numbers 2,3,4,5.6,7,8 and 11 in Table I), the
Arm-R-Shield binder was used. During this period, the Overflex binder was
used strictly in seal coats. In 1985 this usage was reversed (in conjunction
with the changes mentioned earlier). For the later projects (Numbers 12,
14, 15, 16, 17, 18, 19, 20 and 22 in Table I) the Overflex binder was used.
The first DGAC project using Overflex was not constructed until 1987; thus, -
our experience with this binder in DGAC covers only four years. It is not
known whether the long-term experience will be the same using the
Overflex binder in DGAC. As mentioned earlier, the most recent usage of
Arm-R-Shield has been with ARHM-GG and this experience spans only four
years. Overall, the patented binders have been produced for more than
fifteen years; thus, the binders alone would not be considered experimental.
It is the usage of the binders with different aggregate gradings (i.e.. RAC
mixes) that js considered experimental by Caltrans.

EVALUATION OF RAC PROJECTS

- Caltrans experience with RAC far exceeds that of any other state in the
United States. Even though this experience dates back 13 years, the
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evaluation of RAC mixes must be divided into two phases. The first phase
o would include the early projects where equal thicknesses of RAC and
conventional DGAC were compared. This experience includes all the DGAC
: projects constructed up to 1987 with the exception of the Ravendale

Project (No. 7 in Table I). (The Ravendale Project started the second
phase.) Based on the results obtained on the Ravendale Project after about
* three years, it became evident that thinner structural sections of RAC could
outperform thicker sections of conventional DGAC. All projects after 1986
fnvolved reduced thicknesses of RAC (compared to the design thickness for
the conventional DGAC mix).

All projects constructed by Caltrans were reviewed in 1991, and the project
files also were reviewed. The Appendix contains observations for each type
of RAC and specifically each project where it was used. A matrix showing
the types of mixes used, number of projects, etc. is shown in Table II

RUS———

TABLE I1
RAC!MATRIX
Type of RAC
Filomix/Ramflex Arm-R§Shleld Overtlex ) PlusRide
Number of Projects 3 ' 10 10 4
Placed Over PCC 2 4 42 1
Placed Over AC 1 6 5 3
3 - 8 6
Type|DenseGraded |, ¢ 403  |(2 3 4,5,7,8, 11.23) |(15. 16, 17, 19, 20.22) N/A
1 44 .
of | Open Graded 0 © (12. 14, 18,24) N/A
) 0 2 0 4
Mix | Gap Graded (21.23) (7. 13,16, 17)
Qldest Project : 13 yrs 11 yrs 6 yrs 8 yrs
Notes: . RAC = Rubberized Asphalt Concrete.

1

2. Includes 2 bridge decks.

3. Numbers in () represent projects listed in Table I.

4. On Projects 12 and 24 conyentional OGAC was used over a SAMI(R)
over conventional OGAC or DGAC (Arizona-Type 3 Layer System).

There has been some laboratory analysis of mixes used on Caltrans projects,
but this work has been limited. Caltrans is presently looking into possible
laboratory tests which might be applicable for the evaluation of RAC mixes in
a laboratory research effort. : :




PERFORMANCE SUMMARY OF RAC (IN CALIFORNIA]}

Flomix/Ramflex (DGAC): There have been three projects constructed using
this Tubber additive and the mix has not been considered cost-effective on

any of these projects.

- Arm-R-Shield (DGAC): There have been six projects constructed using equal

thickness RAC and two using reduced thickness RAC of this type. Three
have been considered not cost-effective, two cost-effective, and the other
three are too new to determine cost-effectiveness. Even though the RAC
outperformed the conventional DGAC on the two projects considered not
cigsﬂtl-eﬁ'eétive. the benefits did not appear to override the initial higher cost
of the RAC.

Arm-R-Shield (OGAC): There has been one project constructed using this
OGAC(R). The use of OGAC(R) on this project indicates that it may be cost-
effective because it allowed an OGAC mix to be used successfully in the snow
country where conventional OGAC has not normally performed well.
However, additional projects should be constructed in a freeze-thaw region.

Arm-R-Shield (GGAC): There have been two projects constructed using
ARHM-GG with the oldest project being just over one year old. More
laboratory research is necessary to provide a formal mix design for this type
of RAC and more field performance data, including long-term observations,
are needed. However, based on four years of experience in Arizona and
various cities and counties in California (non-Caltrans projects) it has been
shown to be extremely effective for mitigation of reflective cracking. -

" Overflex (DGAC): There have been six projects placed using this type of

RAC. All these projects used reduced thickness RAC. The use of this mix
has been considered cost effective on only one of the projects with the other
five being too new to determine cost-effectiveness. On two of these
projects, RAC has been used as a thin overlay strategy for bridge deck
rehabilitation. , ‘

Overflex (OGAC): There have been two projects constructed using this
OGAC(R). The thickness was reduced on these projects to help offset the
fnitial cost. The use of OGAC(R) on both of these projects allowed an OGAC
mix to be placed successfully in a climatic area where it normally could not
be placed under current specifications. Also, it has been shown by
experience in Arizona that OGAC(R) will perform as long or longer than
conventional OGAC. Therefore, it appears that the use of OGAC(R) on these
projects will be cost-effective.

Overflex (Three-Laver System): There have been two projects constructed
using an Arizona-type, three-layer system. These projects are performing
very well, but it is too early to determine if the use of these three-layer
systems are cost-effective.




PlusRide (GGAC]: There have been four projects constructed using PlusRide
RAC. Its use has been determined to be cost-effective on one project and it
is too_early to determine the cost-effectiveness on two other projects. The
fourth project is not being considered in the evaluation of the PlusRide RAC
because it was not properly designed.

SUMMARY

From our experience, it has been learned that when compared to
‘conventional DGAC, RAC can tolerate higher deflections. The RAC has lower
permeabilities which in turn decreases oxidation and aging. These mixes.
have also proven to be more abrasion resistant in snow regions and, when
distress does develop, it progresses at a much slower rate. All these
desirable qualities that RAC mixes possess can lead to decreased
maintenance costs and ultimately could lead to lower annual equivalent costs
when compared to conventional DGAC.

Overall, when RAC (DGAC) has been compared to an equal thickness of
conventional DGAC, it has usually outperformed the DGAC by exhibiting less
distress and requiring less maintenance. Unfortunately, these positive
benefits have not always been enough to offset the 40-100% increase in cost
over conventional mix. However, it has been shown on more than one
project that reduced thickness RAC can outperform thicker conventional
DGAC mixes. The question that arises is how does Caltrans determine the
correct thickness or type of RAC to use on a particular project to obtain a
certain design (service) life?

From the Ravendale experience (No. 7 in Table I), we have learned that a
50% reduction in overlay thickness can result in equivalent service life
when using RAC. With this reduction in thickness, the RAC has also shown
to be extremely cost-effective. However, is this 50% reduction applicable to
other climates as well? Can this 50% reduction be utilized at locations
where thinner conventional DGAC thicknesses such as 0.40, 0.30 or 0.20
foot would be used? Will this 50% reduction hold true for overlays over PCC
as well? Should a 30% reduction be used as a more conservative figure?
What kind of reduction can be tolerated when using ARHM-GG? Will ARHM-
GG outperform other types of RAC? There are many questions to be
answered, but this will take time. Are we willing to make guesses routinely
and hope to get our ten-year design life? If our guesses are wrong, it would
be very costly. At this point in time, we are doing just that, guessing: but,
these guesses are being made on selected experimental projects.

Based on experience in Arizona and cities and counties in California (non-
Caltrans projects), ARHM-GG has shown it can be very effective for the
mitigation of reflective cracking. ARHM-GG has been placed over badly
alligator cracked pavements in Southern California which encounter
extremely high truck traffic and it has performed very well. Even though
these projects are only a few years old, the ARHM-GG is exhibiting no



‘distress. Based on this experience, it is believed that this type of RAC
should retard reflective cracking for a normal design life (10 years) under
normal traffic. For this reason Caltrans is working with the FHWA to remove
the experimental classification for use of ARHM-GG for mitigation of
reflective cracking. (This would not include structurally inadequate
pavements requiring thick overlays.)

We need to move forward more quickly with the evaluation of RAC mixes.
Based on our experience from the Ravendale project (No. 7 in Table I), by
using reduced thickness test sections we can hopefully obtain data more
‘quickly. We will continue to work closely with the RAC industry on all
projects which include RAC mixes. We need to construct a minimum of ten
projects around the state as soon as possible to help expedite the evaluation
of the various types of RAC mixes for structural equivalency. Each project .
should contain the recommended design thickness and various reduced
thicknesses of conventional DGAC. It also should contain at least two types
of RAC and at least two thicknesses of each type of RAC. SAMIs should also
be used on all RAC projects. The data obtained from projects of this nature
and the data obtained from laboratory research should provide sufficient
. information to cut the evaluation period to approximately a five-year span.
At that time, some type of recommendation for routine usage of RAC for
structurally inadequate pavements should be expected.
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L-cracks and surface abrasion with some raveling at the longitudinal joints at
the lane lines. The rich control mix had required some patching and
exhibited some rutting. Both mixes have required very little maintenance
overall with the majority of this being crack sealing. This project was
rehabilitated in 1991. The RAC performed slightly better than the control,
but the use of RAC on this project probably was not cost-effective because
the cost of the rich control mix was less than that of the RAC. However, at a
JIower elevation the rich control mix would probably have rutted much
sooner.

,Project 5 - This project is nine years old. There were various test sections

compared to a 0.35 foot conventional DGAC control section. The two RAC

‘sections were 0.10 and 0.20 foot thick over a 0.10 foot thick conventional

OGAC. All sections are now exhibiting T-cracks, L-cracks, and surface
abrasion with some maintenance patches; but the 0.20 foot RAC over 0.10
OGAC(R) is showing less distress than all other sections. This project is
ready for major rehabilitation. On this project the use of RAC does not
appear to have been cost-effective.

Project 7 - This project is eight years old and was publicized nationally in a
1988 TRB paper (Reference No. 4). This was the first reduced thickness
RAC project involving an overlay of AC pavement. On this project (13
different test sections) different thicknesses of RAC with and without a
SAMI were compared to different thicknesses of conventional DGAC (0.18 to
0.52 foot actual thickness). The thin sections of DGAC all failed within the
first two years. In early 1991 the 0.52 foot DGAC control section was
exhibiting intermittent to continuous T-cracks, L-cracks, block cracking,
and surface abrasion and a chip seal was placed on this section in late 1991.
When most of the sections were placed on this project it was believed that
there was a likelihood that a ten-year service life would not be achieved
because of the thin sections used; however, the RAC sections have required
little to no maintenance and are still performing today. The RAC sections
are now exhibiting some T-cracks, L-cracks, surface abrasion and raveling.
'I}lfe use of RAC on this project is considered to have been extremely cost-
effective.

Project 8 - This project is seven years old. There was no control section
placed on this project. The RAC on this project developed T-cracks after
only two years. The RAC now exhibits T-cracks every 15 to 50 feet, surface
abrasion, and some raveled areas. A slurry seal was placed on the first 0.3
mile of the project after three years (1987). There has been very little
maintenance required on the rest of the project. It is too early to determine
the cost-effectiveness of RAC on this project.

Project 11 - This project is six years old. There was no control section
placed on this project. The RAC on this project developed T-cracks after
only two years. The RAC is now exhibiting intermittent T-cracks, some L-
cracks, surface abrasion and some raveling. One 100-foot section (single
lane width] has been replaced with conventional DGAC. This project



APPENDIX
EVALUATION OF RAC PROJECTS

The project numbers listed below represent projects in Table I and II

Flomix/Ramflex (DGAC: Project 1 - This project is 13 years old. Both the
RAC and the conventional DGAC control sections (equal thicknesses) have
performed quite similar. They both exhibit the same type and degree of
cracking. The use of Flomix on this project was not cost-effective. This
project is ready for major rehabilitation.

Projects 9 and 10 - These two projects are seven years old. Both of these
projects exhibited distress in the form of transverse cracks (T-cracks),
longitudinal cracks (L-cracks) and raveling within the first two years. The
distress has increased since then with extensive maintenance required on
these projects in the last three years. The conventional DGAC control
sections (equal thickness) have performed better than the RAC and have
required less maintenance. The use of Ramflex on these projects was not
cost-effective. These projects are ready for major rehabilitation.

ém-E-ﬁhl ield (DGAC): Project 2 - This project is 11 years old. On this
project a 0.30 foot overlay was placed over pavement reinforcing fabric

(PRF) with the top 0.10 foot being RAC. There are considerable T-cracks,
L-cracks and raveling existing on this project. There have been chip seals,
slurry seals and some maintenance blankets placed. The conventional DGAC
control section (0.30 foot thick) has performed quite well considering that
the average life before major maintenance is required is usually four to six
years in this region. The RAC section performed only slightly better over
the years, requiring less maintenance in the early years. This project is
ready for major rehabilitation. The use of RAC on this project was probably
not cost-effective; however, this is difficult to determine because the control
section was quite small and may not have been representative for the whole
project. -

Project 3 - This project is 11 years old and the RAC used has performed
extremely well. It is a truck climbing lane about one-half mile in length. It
now exhibits extensive T-cracks, L-cracks and surface abrasion and is ready
for major rehabilitation. A conventional AC overlay in this area (7000+ foot
elevation with extensive chain wear during the winter) would normally
require an overlay or replacement within five years. The RAC on this project
r%guired very little maintenance. The use of RAC on this project was cost-
effective.

Project 4 - This project is ten years old. It is on a- slight grade and is in the
same area as Project 3. The control section was a conventional DGAC mix
(equal thickness) with an asphalt content 0.4% above the normal optimum
bitumen content (OBC). Both the RAC and control mixes have performed
very well on this project.. In early 1991 they exhibited extensive T-cracks,
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It appears that the conventional DGAC design was not appropriate. It is too
early to determine if the RAC is cost-effective on this project. .

Project 17 - This project is three years old. On this project two reduced
thicknesses of RAC were compared to a conventional DGAC control section.
T-cracks and some raveled areas appeared in the RAC sections within one
year. The RAC sections are now exhibiting intermittent T-cracks and some
raveled areas throughout most of the project. The control section has only a
; few T-cracks. All sections are exhibiting surface abrasion due to the tire
i ‘chain wear. The control section is also showing some flushing and bleeding
in the wheel tracks. This control mix was probably overasphalted. This may
‘be the reason for the small amount of T-cracks. The reduced thickness RAC
(0.20 foot) was placed in two equal lifts (using 3/4 inch maximum
aggregate). During compaction of these lifts, aggregate was broken on the
surface. This is probably the reason for many of the severe raveled areas in
this section. The RAC on this project was placed over a continuously
reinforced concrete pavement which could not be cracked and seated and
this is probably why the T-cracks appeared so soon on this project It is too
early to determine if RAC is cost-effective on this project.

Projects 19 and 20 - Both of these projects are bridge decks and are only
two years old. A thin 0.10 foot lift of RAC was used to determine if it would
provide a cost-effective bridge deck rehabilitation strategy. Within the first
year each deck exhibited one small raveled spot which has been removed
and replaced with conventional DGAC. In the second year, a few areas
exhibited alligator cracking. It is too early to determine if RAC is cost-
effective on these projects. :

Project 22 - This project is only four months old and no conclusions can be
made at this time.

Overflex (OGAC): Projects 14 and 18 - These two projects are five and three
| years old respectively. Night construction is required in the San Francisco

Bay area due to traffic volumes during the day, and temperature conditions
| at night restrict the placement of conventional OGAC in some locations.
‘ OGAC(R) can be mixed at a higher temperature and, therefore, placed at a

lower ambient temperature. The thickness of the OGAC(R) was reduced
20% to help offset the higher initial cost. By using OGAC(R) on these

projects, it allowed the successful placement of an open graded mix in an
1 " area where it normally could not be placed. For this reason, the use of
OGAC(R) on these projects is considered to be cost-effective.

Overflex (3-laver Svstem): Project 12 - This project is six years old and is
the first time Caltrans has used an Arizona-type, three-layer system. At this

time there is no distress on the project. It is performing quite well and it
appears this strategy will be cost-effective.

Project 24 - This project is only seven months old and no conclusions can
be made at this time.



Tequired s;bﬁze maintenance patching in 1991. It is too early to determine
the cost-effectiveness of RAC on this project. o

Project 23 - This project is only five months old. No conclusions can be
made at this time.

Arm-R-Shield (OGAC]): Projec:t‘s - This project is nine years old.

Conventional OGAC is not used in the snow regions because of the freeze-
thaw and tire chain action and a lack of resistance to snow plows. The
OGAC(R} on this project now shows signs of surface abrasion and some
“portions have been removed by snow plows. The majority of the material
removed by snow plows has taken place in the last three years (on the high
side of the superelevation). This project is on a curve and a slight grade.
These results indicate that OGAC(R) may be cost-effective in a freeze-thaw
snow region over AC pavement. The use of OGAC(R) should be tried on
additional projects in a freeze-thaw region. The use of OGAC(R) on this
project was cost-effective.

Arm-R-Shield (GGAC): Project 21 - This project is only one year old.
ARHM-GG was placed for the first time by Caltrans on this project. This

project was funded under the SHRP Program. A standard mix design
procedure for this type of RAC mix has not been formalized at this time.
More laboratory research is necessary to formalize a procedure. The mix
design decisions were made by the contractor on this project, and the mix
was placed without any major problems. ’

Project 23 - This project was mentioned under Arm-R-Shield (DGAC). No
conclusions can be made at this time.

Overflex (DGAC): Project 15 - This project is four years old. The roadside
rest (RSR) on this project was to be reconstructed around 1991 but the
existing pavement was badly cracked. In the hopes of obtaining four years of
surface life, a thin lift of RAC was used. The RAC is now showing signs of
reflective cracking, but it appears that the thin RAC will accomplish its task
of holding the underlying pavement intact until the time of reconstruction.
Based on past experience, a conventional DGAC thin overlay would not have

accomplished this. The use of RAC was cost-effective on this project. .

Profect 16 - This project is four years old. It is the first time RAC has been
used in a desert climate by Caltrans. Two different thicknesses of RAC, one
equal and one reduced thickness, were compared to two conventional DGAC
control sections. Within one year, the reduced thickness RAC section and
the control sections exhibited T-cracks and some L-cracks. Now the
cracking is intermittent to continuous in these sections with some alligator
cracking also existing. The distress in the equal thickness RAC section is
very minor and consists of only a few T-cracks and one raveled area. Up to
this point, the reduced thickness RAC section has performed equally to the
control sections, and the equal RAC section has outperformed the control
sections. However, it is not known as to the reason(s) for the early cracking.
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PlusRide (GGAC): Project 7 - This project was mentioned earlier under
Overflex (DGAC). FlusRide was also placed in different thicknesses with and
without a SAMI. The PlusRide sections exhibited some potholing after only
a few years but have performed quite well compared to the thick
conventional DGAC control section (0.52 foot thick). The PlusRide sections
are exhibiting T-cracks, L-cracks, block cracks, some alligator cracks,
surface abrasions and raveling. Some of the thicker Plusride section (0.2
miles) required a maintenance overlay. The use of PlusRide on the project
was cost-effective.

Project 13 - This project is five years old. On this project PlusRide was
used in a 0.10 foot maintenance blanket and was compared to a conventional
DGAC blanket of equal thickness. Unfortunately, there was no mix design
provided by the PlusRide consultant and- the mix was very likely
underasphalted. A portion at the end of the PlusRide section raveled after
the first year and required an overlay of conventional DGAC. After two years
a chip seal was placed on another portion of the PlusRide section. However,
some of the remaining PlusRide section is still performing quite well, with.
less distress than the control. This project was placed at the same time that
Pavetech had just purchased PlusRide Inc. and they would not provide any
on-site assistance. Because this PlusRide mix was not designed properly.
this project is not being considered for evaluation purposes fonly for
information). ' .

Project 16 - This project is three years old. This project was mentioned
earlier under Overflex (DGAC). Plusride was also placed on this project in
two different thicknesses, a reduced and equal thickness. The equal
thickness section developed bleeding areas within the first year and they
have become larger and more severe since then. The PlusRide is potholing
and raveling in one location in this section. The reduced thickness section
has some small intermittent traverse humps in the surface (appearing
during construction due to expansion of crack sealant) and a few flushing
spots in the wheel tracks but no cracking. As mentioned earlier, the control
sections are exhibiting a considerable amount of cracking. The reduced
PlusRide section is performing very well, but it is too early to determine if
PlusRide is cost-effective on this project.

Project 17 - This project is three years old. This project was mentioned
earlier under Overflex (DGAC). The PlusRide was also placed on the project
in two reduced thicknesses. The PlusRide sections are exhibiting very little
surface abrasion, some flushing in the wheel tracks at a few locations, a few
potholes and a few T-cracks. This is the only distress noted at this time.
Overall the PlusRide is performing very well, but it is too early to determine
its cost-effectiveness.



RAC EXPERIENCE BY OTHERS

As menticned earlier, the experience by others using RAC in general is very
limited; however, this does not mean that there have not been any projects
constructed elsewhere. More than 20 states have constructed at least one
project using RAC. Unfortunately, the data on many of these projects are
inconclusive regarding cost-effectiveness.

PlusRide has been used by a number of states with Alaska probably having
‘the most experience. Because of Alaska's positive experience with PlusRide,
they presented a proposal to the FHWA to have it removed from the
experimental category. The proposal was rejected by the FHWA because of
insufficient backup data. The experience by other states has been mixed, -
some good and some bad.

More states are beginning to use asphalt-rubber in DGAC, but most of this
experience is limited'to one to three years. There are more than five states
known to have projects that are older than four years, but there is no
conclusive data available as to the cost-effectiveness of RAC based on our

information.

ARHM-GG has been promoted quite heavily around the U.S.A. and especially
in the southern California area in the past three years. There have been
more than 20 projects constructed during this time, with most being only
one or two years old. Experience to date has been verv positive with this
type of RAC. At this time it is impossible to draw any long-term conclusions
from the use of ARHM-GG since the experience with successful projects
dates back only three years. But, based on this experience it has shown to
be very effective for the mitigation of reflective cracking.

OGAC(R) has been used by a few states with Arizona having more than ten
years experience. It has performed very well on a number of projects in
different states based on Caltrans information.

Three-layer systems have also been used by Arizona and for more than ten
years. They have been used very successfully in that state. In 1985, Arizona
started using the three-layer system non-experimentally. Caltrans has
additional three-layer test sections scheduled for construction in 1992.





